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INTRODUCTION 
Production testing is increasing in importance and is being used 
more widely in the beef industry than ever before. An integral part 
of production testing is the estimation of adjustments for the effects 
of environmental variation. The animal scientist has the capability 
and knowledge to determine which sources of environmental variation 
are likely to be important enough to be removed from data and how this 
may best be accomplished. The ideal situation is, of course, to remove 
as much environmental variation and as little genetic variation as 
possible so that variation between animals will reflect, as nearly as 
possible, genetic differences. Data corrected in this way present the 
breeder with a useful tool to aid him in a selection program. 
Environmental variation may be controlled or removed from observa­
tions experimentally or statistically. Although experimental control 
is more desirable, it is often difficult to achieve in survey data 
collected as part of a regional or state on-the-farm performance test­
ing program. Thus, the burden falls to statistical methods to estimate 
the effect of unwanted sources of environmental variation. Statistical 
control certainly is not a cure-all and must be used with discretion. 
It can introduce as many biases into data as it can remove if not used 
properly. 
The purposes of this study were: 
1. To investigate the importance of several sources of environ­
mental variation in weaning weight and weaning grade 
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2. To develop correction factors for the important sources of 
variation 
3. To estimate the repeatability of weaning weight and weaning 
grade from the corrected data 
4. To study, by residual analysis, the appropriateness of the 
models for weaning weight and weaning grade. 
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LITERATURE REVIEW 
Interactions 
The subject of environmental factors affecting weaning traits of 
beef calves has been studied quite extensively and similarly reviewed. 
Only the subject of interactions between environmental factors affect­
ing weaning traits of beef calves will be reviewed. For detailed re­
views of the effects of environmental factors on weaning weight see 
Drewry (1964), Cundiff (1966) and Petty and Cartwright (1966). 
The problem of estimation of and correcting for sources of environ­
mental variation in weaning weight and grade is not a simple one. This 
is demonstrated by the number of different sets of correction factors 
currently being recommended for use. There is confusion as to which 
sources of environmental variation are of sufficient importance to be 
removed from data by correction. There is confusion as to which type 
of correction factor does the best job of removing particular sources 
of variation. Currently both additive and multiplicative correction 
factors are being used to adjust for the same sources of variation. 
The use of additive correction factors involves adding the differ­
ence between subclass means to a value to adjust it to a common base. 
This, of course, equalizes subclass means but does not affect variances. 
A multiplicative correction factor is a ratio of the subclass mean values 
and is intended to equalize means, but it also affects the variance. Two 
widely publicized sets of correction factors are those of the United 
States Beef Cattle Committee Report (1965) and those of Production 
Registry International. The United States Beef Cattle Committee Report 
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(1965) currently recommends multiplicative correction factors to adjust 
weaning weight for age of dam and sex effects. The age of dam correc­
tion amounts to adjusting the weaning weight of calves from 2-, 3- and 
4-year-old dams to a mature or peak production basis (5- through 10-
year-old dams) by multiplying by 1.15, 1.10 and 1.05, respectively. 
Weaning weight of calves from dams 11 years old and greater is adjusted 
upwards by the same factor as used for calves from 4-year-old dams. The 
sex correction factors recommended by this committee are based on bulls 
weaning 10% heavier than heifers and steers weaning 5% less than bulls 
and 5% greater than heifers. It should be noted that these correction 
factors are the result of the recommendations of a committee representing 
production record keeping organizations in the beef industry, university 
research and extension personnel, and the United States Department of 
Agriculture. Production Registry International also recommends multipli­
cative correction factors to adjust weaning weight for age of dam effects. 
However, their recommendations involve 35 age of dam classifications with 
correction factor differences between classes as small as 0.01. 
Statistical theory dictates that additive factors are appropriate 
when standard deviations between subclass are equal. Multiplicative 
factors are appropriate if coefficients of variation are equal. In 
studies where additive and multiplicative correction factors were actu­
ally compared, it has been found that in the case of sex, multiplicative 
correction factors better equalized weaning weight means between sub­
classes and variances within classes than did additive correction factors 
(Brinks et al., 1961; Cundiff, 1966). This was also true for birth 
weight and gain from birth to weaning (Brinks e^ al., 1961). The study 
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of Cundiff (1966) also revealed additive correction factors to be more 
appropriate than multiplicative corrective factors in adjusting weaning 
weight for age of dam, season of birth and type of management (creep 
and non-creep fed) effects. 
Multiplicative correction factors are very popular. One reason 
for this is that multiplicative factors are easily calculated and applied 
to data. However, often more attention is given to convenience of use 
than to the theoretical consequences of using a particular set of cor­
rection factors. Thus, the problem evolves into one of often not knowing 
what effect adjustment actually has on a body of data. 
There has not been a great deal of investigation of the interactions 
between environmental factors affecting pre-weaning and weaning perform­
ance of beef calves. Often in mathematical models describing environ­
mental factors contributing to the variation in pre-weaning and weaning 
traits these interactions have been assumed to be' zero (Brown, 1961; 
Lehmann et al., 1961; Marlowe and Gaines, 1958). In many cases the 
problem of interactions has been at least partially avoided by conduct­
ing the analysis on a within subclass basis (Koch and Clark, 1955b, 
1955c; Marlowe and Gaines, 1958; Marlowe et al., 1965; Marlowe, 1962; 
Minyard and Dinkel, 1960; Pahnish et al., 1958; Pahnish et al., 1961; 
Swiger £t , 1962; Brinks et al., 1967). However, there are indica­
tions that some attention should in fact be given to these interactions. 
Age of dam interactions 
Swiger (1960) utilized an approximate method involving differences 
between regressions to test the effect on weaning weight of all two-way 
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interactions between age of calf, age of dam, year and sex. The data 
were from a single Hereford herd in southern Ohio. This method revealed 
age of dam to interact significantly (P < .01) with year but not with 
age of calf or sex. Harwin et (1966) also found age of dam to 
interact significantly (P < .05) with year as well as with sex (P < .05). 
There was no significant interaction between mating system and age of 
dam or sex. This study involved the 200-day adjusted weaning weight of 
inbred and linecross Hereford calves in Colorado. Years, sex, age of 
dam, mating system and all two-way interactions were included in the 
model. The difference in weaning weight of bull calves from two-year-old 
dams and from mature dams was significantly greater than the difference 
for heifer calves, 70.0 pounds and 46.9 pounds, respectively. Apparently, 
bull calves challenged their dams more than did heifer calves, and mature 
dams were better able to meet this challenge than were two-year-old dams. 
The age of dam by year interaction would indicate that younger dams 
responded more adversely to unfavorable conditions, in terms of weaning 
weight of their offspring, than did mature dams. Cunningham and Henderson 
(1965a) reported the Interaction between age of dam and sex to have an 
insignificant effect on weaning weight and type score. This study in­
volved Angus and Hereford calves raised over a 12 year period on 55 farms 
in New York. 
In a Florida study of weaning weights of 4729 calves Koger eit 
(1962) found age of dam effects to vary significantly with pasture, year, 
lactation and breed. Two-year-old dams weaned calves ranging from 45 to 
108 pounds less than those weaned by mature dams. The deviations for 
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3-year-old dams were 21 to 567 pounds and for 4-year-old dams, 7 to 387 
pounds. 
Vernon e^ al_. (1964) in a study of weaning weight and weaning grade 
data collected from 1932 to 1957 on two groups of crossbred calves in 
Louisiana divided years into a high producing group and a low producing 
group. A least squares analysis revealed a significant (P < .01) age of 
dam by production level year group interaction for 180-day adjusted 
weight in the crossbred group of Brahman-Angus breeding. Younger dams 
(2-3 years old) appeared to be more susceptible to adverse environment 
than older dams (4 years and older) in terms of 180-day weight of calves. 
There was no significant effect of age of dam by production level on 
weaning score. 
Season of birth interactions 
The only report of interactions involving season or month of birth 
was that of Cundiff (1966). This study involved the weaning weights of 
13937 Hereford and Angus calves raised over the entire state of Oklahoma 
during a four-year period. Month of birth by type of pasture (native 
and improved) and month of birth by type of management (creep and non-
creep fed) were found to be important enough to consider in adjusting 
205-day weaning weights. There was a significant difference (95% 
confidence intervals did not overlap) between the weaning weights of 
creep and non-creep fed calves born in the winter and spring months and 
in August. The greatest difference was among calves born in August 
(89 pounds). In six of the twelve months of birth there was a signifi­
cantly different response to native and improved pasture. In January, 
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March, October, November and December those calves on native pasture 
weaned heavier than those on improved pasture. Just the opposite 
occurred in July where the difference was 38 pounds. 
Management interactions 
Cundiff (1966) also found management (creep and non-creep fed) to 
interact significantly with sex. Creep fed bull calves weaned signif­
icantly heavier (42 pounds) than non-creep fed bull calves. However, 
there was no significant difference between creep and non-creep fed 
heifer and steer calves. 
Sex interactions 
Sex has been found to interact significantly with a number of 
environmental factors. Bovard e^ al. (1966) studied Angus and Shorthorn 
calves raised over a 13 year period in single trait selection lines for 
growth and conformation at the Virginia station. Using a model that 
included age of dam, sex, year, breed and certain selected interactions 
these workers found only the sex by year interaction on average daily 
gain from mid-summer to weaning to be important. In their New York 
study Cunningham and Henderson (1965a) reported the sex by year inter­
action for weaning weight and type score to only approach significance 
(P < .05). In this study the sex by age of dam interaction was non­
significant. Pahnish et al. (1961) studied Hereford bull and heifer 
calves from two Arizona ranches. When sex, year, ranch and all two-way 
interactions were included in the model for weaning weight, after 
correction to 270 days at weaning and for age of dam, only the sex by 
ranch interaction was significant (P < .05). On a within year and 
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ranch basis these workers found an insignificant sex by sire interaction. 
Koger and Knox (1945) in New Mexico found sex not to interact signifi­
cantly with sires within years. This study involved Hereford steer and 
heifer calves classified by sex, year and sire after adjusting to 205 
day weaning weight by covariance. Harwin et (1966) found sex to 
interact significantly with mating system (inbreeding and linecrossing) 
and age of dam but not with year. Warren e^ al. (1965) in Georgia in­
cluded a sex by breed interaction term in their model for weaning weight. 
This model also included sex, age of dam, month of birth, year of birth 
and breed. The sex by breed interaction was highly significant (P < 
0.01). In the data used most of the steers were from one breed group, 
grade Herefords; whereas, most of the bulls were from the purebred 
Hereford, Angus and Santa Gertrudis breed groups. In his Ohio study 
of weaning weight Swiger (1960) reported a significant sex by age of 
calf interaction. Sex was found not to interact significantly with 
age of dam or year. 
In his Oklahoma study Cundiff (1966) reported the interactions 
between sex and breed, sex and type of pasture and sex and season of 
. birth to be small and unimportant. However, the interaction between 
sex and type of management was important enough to take into account 
in correcting data for environmental variation. 
Other interactions 
Harwin et al. (1966) conducted an analysis of the differences 
between within-year regressions (16 years) of weaning weight on age 
of calf. These differences were found to be significant (P < .05) 
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indicating an age of calf by year interaction. In their Arizona study 
Pahnish e^ al. (1961) reported the ranch by year interaction had a 
significant effect (P < .05) on weaning weight. 
Summary 
Relatively little research has been done on interactions as sources 
of environmental variation in weaning weight and weaning grade. At 
least part of the reason has been the inability to solve large numbers 
of equations. To get around this problem researchers have often ana­
lysed data within a particular class where an interaction was expected. 
Often the interactions have been ignored. As more and larger computers 
become available this problem will diminish. Judging from the above 
review of literature there is little consistency as to what factors are 
likely to .interact significantly. There is a wide range of interactions. 
However, from the breeder's point of view there is really little problem. 
If the breeder treats all animals as much alike as possible then the 
only important sources of variation remaining will likely be years, age 
of dam and sex. Age of dam and sex are fixed effects but years may 
usually be assumed random. The effect of sex and age of dam can be 
removed by correction. However, there is some evidence that these 
factors may interact with other sources of variation. This requires 
care in choosing correction factors. For example, Cundiff (1966) found 
the interaction between sex and management to have a significant effect 
on weaning weight. On the surface this interaction would imply that a 
different set of sex correction factors would be necessary-for creep 
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fed calves and non-creep fed calves. However, multiplicative correction 
factors for sex removed the effect of the interaction as well as the 
effect of sex. 
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SOURCE OF DATA 
The data used in this study consisted of the birth and weaning 
records of 19,907 Augus and Hereford calves collected as part of the 
Iowa Beef Improvement Association (I.B.I.A.) program over a twelve-year 
period, 1956-1967, inclusive. The data were from 156 herds in the state 
of Iowa. Birth weights were either actual or assigned as 60 pounds for 
Angus calves and 70 pounds for Hereford calves. Only those calves weaned 
between 160 and 250 days of age were accepted for this study. The arith­
metic means for the dependent variables are given in Table 1. Weaning 
weights were adjusted to 205 days of age by using the calf's own average 
daily gain from birth to weaning and adding in the calf's birth weight. 
This method of adjusting for age of calf implies that there was a con­
stant rate of gain between birth and weaning. Growth in this period 
was assumed to be linear. If the growth curve between birth and wean­
ing was not linear then the expected 205-day weaning weight may not 
have equalled the population parameter, resulting in a biased estimate. 
However, Pahnish e^ al. (1958) showed weight-for-age to be essentially 
linear between 121 and 323 days in Hereford calves raised on desert 
grassland. Swiger et al. (À962) computed average daily gain of Hereford 
calves from birth to 130 days and from 130 days to weaning, adjusting 
the latter gains for age of the calf. The correlation between this 
method and the simpler method of using average daily gain from birth to 
weaning to adjust to 200 days of age was 0.99. The implication here is 
that although the growth curve was not entirely linear, the assumption 
of linearity was not a bad one. Johnson and Dinkel (1951) compared 
Table 1. Arithmetic means and standard deviations for weaning weight, weaning grade and days of 
age at weaning 
Weaning weight Weaning grade Days of age at weaning 
Number Number 
Sex Herds Observation Mean S.D.^ Mean S.D. Mean S.D. 
Bulls 139 6,467 457.7 91.3 13.87 2.44 206.18 22.54 
Steers 98 3,425 413.5 77.7 13.25 2.10 206.32 22.62 
Heifers 156 10,015 400.1 71.7 13.66 2.46 206.93 22.39 
^Standard deviation. 
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the method used by Lush and Kincaid (1945), which employs a quadratic 
equation, and a linear equation in adjusting the weaning weight of 
calves between 155 and 255 days of age to 190 days of age. The linear 
equation was found to be slightly more accurate. Koch and Clark (1955a) 
found the regression of gain from birth to weaning (182 days) on wean­
ing age was -0.04 pounds per day which would not be of any great impor­
tance over the range of ages used in this study. Another possible 
source of bias in the method of adjusting for age used in the present 
study is the assignment of birth weights, without regard to sex of the 
calf or age of dam, when the actual weight is not available. Dawson 
et al. (1947), working with Shorthorn calves, reported correlation 
coeffecients between age of dam and birth weight of their calves of 
0.45 for males and 0.35 for females. At birth male and female calves 
averaged 72.2 and 68.7 pounds, respectively. Koch and Clark (1955a) 
found Hereford bull calves born at the Miles City Station to average 
5.6 pounds heavier at birth than heifer calves. The mean birth weight 
over all ages of dam was 78.4 pounds for bulls and 72.8 pounds for 
heifers. Calf birth weights increased with age of dam up to 6 years. 
In Hereford calves raised in Ohio, Swiger (1960) found birth weight 
increased by 9.5pounds from 2-year-old to 5-year-old dams then decrease 
slightly after 12 years of age. In these data the mean birth weight 
was 72.5 ± 10.0 pounds over both sexes. McCormick et al. (1956) in 
Georgia found Hereford bull and heifer calves to average 77.0 and 72.5 
pounds, respectively, at birth. Birth weights increased to 5 years of 
age then fluctuated only slightly thereafter. Thus, there is a possi­
bility of bias by the use of assigned birth weights. However, if the 
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assigned weights are near the mean of the actual weights over all ages 
of dam and both sexes for Angus and Hereford calves in Iowa then the 
size of this bias should be small. 
To be classified as creep-fed, calves must have had access to 
creep feed for at least six weeks. The nature of the creep-feeding, 
which may be an important factor, was not recorded. At weaning all 
calves were weighed and graded by an official weigher-grader. Grading 
consisted of assigning each calf a numerical score from 1 to 17. The 
emphasis of the grading system was placed on feedlot utility (de Baca, 
1965). 
The data represented year-around calving. However, a majority of 
the calves were born in the spring. For the analysis, the state of 
Iowa was arbitrarily divided into two areas. The basis for this divi­
sion (Figure 1) was the degree of land use for row crops and pasture 
(Fenton et al., 1967; Iowa Department of Agriculture, 1966). It was 
felt that this type of division might reflect basic management differ­
ences in producing beef calves. Area 1 is primarily composed of soils 
derived from loess (wind-blown material) and alluvium and tends to have 
a rolling, sometimes steep, topography. This area is, in general, 
suited to combined livestock and crop farming. Area 2 soils have 
developed primarily from glacial till. This area tends to have gently 
sloping to level topography and is suited to intensive production of 
corn and soybeans. 
Figure 1. Areas of the state of Iowa 
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ANALYSIS OF DATA 
Environmental Effects 
The weaning weights and grades of beef calves are subject to certain 
environmental effects which are not constant from calf to calf. Both the 
breeder and the animal scientist wish to reduce the effect of these 
sources of variation so that a larger fraction of the total variation 
between animals is genetic. Various methods have been employed to 
correct data for environmental effects, the method often being dictated 
by the ultimate purpose of the analysis. Also, the facility to manipulate 
large volumes of data and large numbers of equations may determine the 
method of analysis. In general, most methods employ some hypothesized 
mathematical function of a dependent variable and independent variables 
which explain the dependent variable. The effects of the independent 
variables are to be estimated and removed by correction. Some method 
is usually chosen to analyze a linear function or model such as = 
P 
E X..B. + e. where Y. equals a dependent variable, X., equals known j=l iJ ] 1 1 
constants, equals unknown constants, of which there are P, to be 
estimated and e^ equals an error term attributable to the i^^ observation 
of the Y dependant variable. In this case the explain the depend­
ent variable Y in an additive manner. These are chosen to be in the 
model on the basis of a priori knowledge of the material being studied 
or possible trial and error methods. The e^ term arises in part when 
P 
Y. is not explained totally by E X. ,B.. A linear model is desirable 
j=l ^ 
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for two reasons, (1) there are available methods of analysis of linear 
models which are relatively easy, and (2) general linear hypothesis 
theory is well developed. If it is found that the dependent variable 
can not be explained by a linear model, then a suitable transformation 
is sought in order to create a linear model. If this can not be done 
a non-linear model must be employed. 
In this study the method of Least Squares was used. The theory 
of this method has been explained by Kempthorne (1952). Data manipula­
tion to obtain estimates of effects by this method can be found in 
Kempthorne (1952) and Harvey (1960). 
The model used to describe the dependent variable weaning weight 
within data from bulls, steers and heifers was as follows: 
yijklmn = W + *1 + dj + Mk + Si + b. + (^•«y + + (as) 
+ (ab)^^ + + (ds).i + (db)jQ + (ms)^ + (mb)^ 
where 
i = 1, 2; j = 1, 2, 3, 4, 5; k = 1, 2; 1 = 1, 2, 3, 4; m = 1, 2; 
and ~ observed 205-day adjusted weaning weight of the n*"^ calf 
of the m'"^ breed born in the 1^^ season raised to weaning under the k*"^ 
level of management from the age of dam in the i^^ area 
y = the overall mean for weaning weight 
a^ = deviation from y due to the i^^ area 
dj = deviation from p due to the j^^ age of dam 
m, = deviation from p due to the k^^ type of management 
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= deviation from jj due to the 1*"^ season of birth 
b = deviation from y due to the m^^ breed 
m 
(ad)^j = deviation from p due to the interaction of the i^^ area 
with the age of dam 
(am)^j^ = deviation from p due to the interaction of the i^^ area 
with the level of management 
(as)il = deviation from y due to the interaction of the i^^ area 
with the 1*"^ season of birth 
(ab)^^ = deviation from y due to the interaction of the i^^ area 
with the m^^ breed 
(dm)j^ = deviation from y due to the interaction of the age of 
dam with the level of management 
(ds)ji = deviation from y due to the interaction of the age of 
dam with the 1^^ season of birth 
(db)j^ = deviation from y due to the interaction of the age of 
dam with the m^^ breed 
(ms)^l = deviation from y due to the interaction of the k^^ level 
of management with the 1^^ season of birth 
(mb), = deviation from y due to the interaction of the k^^ level km 
of management with the m^^ breed 
(sb)i^ = deviation from p due to the interaction of the 1^^ season 
with the m^^ breed 
e..,i = random error associated with the n*"^ observation of the ijklmn 
y dependent variable 
All factors in this classification model were assumed to be fixed 
except for error. 
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When the method of least square is used it is assumed that the 
expected value of each equals 0, that the expected value of 
each squared equals the variance (a^) and that the expected 
value of the covariance between any two equals 0. 
The model used to describe the dependent variable weaning grade 
was: 
yijklmn = W + + (ad)^ + (am) 
+ (ab)j^ + (dm).^ + (ds)ji + (db)j^ + (ms)^ + (mb)^ 
(sb)im + :(\jklmn " ^  ' ®ljklmn 
where 
^ijklmn ~ observed weaning grade of the n*"^ calf of the m^^ breed 
born in the 1^^ season raised to weaning under the level of manage­
ment from the age of dam in the i^^ area 
g = the regression of weaning grade on age of the calf at weaning 
calculated on a overall basis within each sex 
^ijklmn ~ &8G, in days, of the particular calf at weaning 
A = the overall mean age of calf in days at weaning within 
each sex 
All other notations and assumptions are as given above for the model 
for weaning weight. 
In the analyses of weaning weight and weaning grade the effects of 
years and herds were assumed to be random and were not included in the 
model. In order that constants or correction factors be applicable over 
some general region, such as the state of Iowa, their derivation must 
be carried out with data pooled over years and herds. Thus, it was 
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assumed that the herds used in this study were a random sample of the 
population of herds in Iowa. 
Similarly, it was assumed that the years over which these data were 
collected represented a random sample of all the years in which the con­
stants would be used. Also, the farmer has no control over year effects. 
Cundiff (1966), in his Oklahoma study of environmental variation in wean­
ing weight, also assumed herds and years to be random. Cunningham and 
Henderson (1965a, b) in their New York study assumed years to be a fixed 
effect but herds to be a random effect. Warren et al. (1965) in Georgia 
also assumed years to be a fixed effect but pooled over herds. In their 
Virginia study Marlowe and Gaines (1958) pooled their data over herds 
(66) and years (4). However, in a later study of a different data set 
Marlowe e^ (1965) assumed years to be fixed and carried out the 
analysis within herds. In reports from the Miles City, Montana, station 
years have generally been assumed to be a fixed effect (Koch, 1951; Koch 
and Clark, 1955a; Brinks et al., 1961). 
Only calves of Angus and Hereford breeding were used in this study. 
Although other breeds and crossbreeds were involved in the I.B.I.A., 
program Herefords and Angus comprised approximately 84% of the total 
available records. 
The analysis was carried out on a within sex basis as suggested by 
Pahnish ejt (1958). There were two compelling reasons for this type 
of analysis. First, in some herds bull calves were selected before 
weaning and the remaining males castrated. The effect of this selection 
and the physiological effect of castration were confounded. This can 
result in estimated sex differences being biased. On a within sex 
22 
basis parameters were estimated over the means of each sex separately. 
This should result in estimates unbiased in this way. Second, multi­
plicative correction factors have been suggested as a means of correct­
ing weaning weights for differences due to sex (Brinks e^ , 1962; 
Cundiff, 1966). A multiplicative correction factor will change the 
variance of the value being corrected by the square of the correction 
factor. This procedure expresses the desire to change the variance, in 
order to equalize variances within subclasses, as well as the value it­
self. Considering this from another point of view, the means and vari­
ances of subclasses, in this case sexes, may fluctuate in some predict­
able fashion. This immediately suggests finding a suitable transformation 
of the variable to achieve additivity, or the analysis may be carried out 
within each level of the subclass. Additivity is desirable so that the 
method of least squares may be used. 
However,this type of an analysis adds to the problem of unequal or 
disproportionate subclass frequencies. The number of observations are 
in effect being reduced by analyzing the sexes separately rather than 
treating sex as an independent variable. Therefore, there is the possi­
bility that some subclasses may have few or no observations. This situa­
tion would result in estimates confounded with other effects or no esti­
mate for some effect. 
When the method of least squares is used for estimation, all equa­
tions must be linearly independent in order to obtain a unique solution. 
If there are r linearly independent equations and p parameters to be 
estimated then p-r restrictions must be imposed on the equations. In 
the present study this results in (i-1) and (i-1) (i'-l) parameters 
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being estimated for each main effect and two way interaction, respec­
tively, where i and i* are the number of levels in main effect with sub­
script iand main effect with subscript i'. Using the notation given 
2 
previously, the following restrictions have been imposed: Z a. = 
i=l 
5 
Z d. = 
j=l J 
2 
Z 
k=l 
2 
= Z b = 
m=l " 
2 
Z 
i=l 
5 
(ad) = Z 
j=l 
(ad).. -
2 
Z 
i=l 
II 
•
H 
?
 
2 
Z (am) 
k=l •k 
2 
' Z (as) = 
i=l ^ 
4 
= Z (as) 
1=1 •1 ~ 
2 
Z (ab) = 
i=l 
2 
Z (ab) 
m=l •m 
5 
Z (dm).^ • 
j=l ^ * 
2 
Z (dm) 
k=l •k " 
5 
Z (ds). = 
j=l ^ 
2 
= Z (ds) 
k=l •k 
5 
Z (db). = 
j=l ^ 
2 
Z (db) 
m=l •m " 
2 
Z (ms),, : 
k=l 
4 
Z (ms) 
1=1 •1 " 
2 
Z (mb) = 
k=l " 
2 
= Z (mb) 
m=l •m 
4 
Z (sb)^. = 
1=1 
2 
Z (sb) 
m=l 
.m = 0. On the 
basis of these restrictive assumptions the parameters not solved for can 
be estimated by subtraction. This method of estimation results in un­
weighted estimates or constants that represent the average deviation of 
the subclass effect from the overall mean adjusted for all other effects. 
That is, the method of least squares equally weights each observation or 
dependent variable. There is no weighting according to inequality of 
subclass numbers. 
Before restrictions were imposed there were 102 equations to be 
solved. The restrictions reduced this number to 47. The set of equa­
tions were solved for the unknown parameters and the analysis of variance 
computed within each sex by a general least squares program employing the 
least squares methodology outlined by Harvey (1960). 
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To estimate the percent of variation attributable to each main 
effect and two-way interaction components were obtained by equating 
the expected mean squares to the mean squares (Table 2). In the case 
of unequal and disproportionate subclass numbers, the coefficients of 
the components are not straight forward and must be estimated. In this 
study these coefficients were estimated by the formula (Harvey, 1960) 
\ 4 - dTT 1 ij 
where is the coefficient being estimated and is an approximation of 
the average number of observations per subclass, Z identifies the ele­
ments of the inverse matrix of the square symmetrical segment of the 
variance—covariance matrix for the particular effect under considera­
tion, m is the number of subclasses and d.f. is the number of degrees 
of freedom for the subclass. 
Residual Analysis 
The purpose of this analysis was to test the validity or appropri­
ateness of the method of analysis applied to weaning weight and weaning 
grade. This was done by an analysis of residuals where, 
(residual) = (observed value) - (fitted value). 
The analysis involved both numeric and visual techniques. To test the 
assumption of normality, the chi-square test for goodness-of-fit was 
performed on the residuals. The residuals for weaning weight were 
arbitrarily divided into 10 classes of 5 pounds each. Then the normal 
distribution was fitted to calculate the expected frequency of observa­
tions within each class. If the calculated frequency of a class was 
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Table 2. Analysis of variance 
Degrees of Sum of Mean Expected mean 
Source freedom squares squares squares 
Area i-l* SS 
a 
MS 
a 
a^e + kK2 
a a 
Age of dam 3-1 
^d a^e + Vd 
Management k-1 SS 
m 
MS 
m 
o^e + k 
m m 
Season-birth 1-1 SS 
s 
MS 
s 
a^e + k 
s s 
Breed m-1 SSb a^e + 
Area x age (i-1) (j-1) SSad «=ad o^e + 
Area x mgt. (i-1)(k-1) SS 
am 
a^e + k 
am am 
Area season (i-1)(1-1) SS 
as 
MA 
as 
a^e + k 
as as 
Area x breed (i-1)(m-1) SSab MS , ab a^e + k ab ab 
Age X mgt. (j-1) (k-1) SSdm MS, dm o^e + k dm dm 
Age X season (j-1) (1-1) SSds MSds o^e + CO CO 
Age X breed (j-1) (m-1) SSdb «Sdb o^e + 
^db^^db 
Mgt. X season (k-1)(m-1) SS 
ms 
MS 
ms 
o^e + k 
ms ms 
Mgt. X breed (k-1)(m-1) MS , 
mb a^e + 
k 
mb mb 
Season x breed (1-1)(m-1) 
"sb o^e + 
k k2 
sb sb 
^i is the number of area classifications, j the number of age of 
dam classifications, k the number of management classifications, 1 the 
number of season of birth classifications, m the number of breed classi­
fications and N the total number of observations. 
k^, kg^ are estimates of the approximate average number 
of observations per subclass. 
J, ..., , are the components and represent the mean 
squares for the fixed effects of the main effects and interactions 
under consideration. 
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Table 2. (Continued) 
Degrees of Sum of Mean Expected mean 
Source freedom squares squares squares 
Regression on, 
age of calfd 1 SS MS o^e + k 
g g g g 
Error^ (wn wt) N-[l+(i-l)+... 
+(1-1)(m-1)] SSg MS^ a^e 
Error^ (wn gr) N-[ 1+(i-l)+... 
+(1-1)(m-l)+l] SS MS^ o^e 
Regression of weaning grade on 
of variance weaning grade. 
Error term for the analysis of 
^Error term for the analysis of 
age of calf included in the analysis 
variance of weaning weight. 
variance of weaning grade. 
less than 3 observations then the class was grouped with the next class 
towards the middle of the distribution. The reason for avoiding expected 
frequencies less than 3 was that they may lead to large chi-square values 
that may only reflect a small expected value and not a significant dif­
ference between observed and expected frequencies. A chi-square value 
of the form 
2 
was calculated within each class where equals the chi-square value 
for the i^^ class, 0^ equals the observed frequency in the i^^ class and 
E^ equals the expected frequency in the i^^ class. Then the chi-square 
values were pooled over all classes. This value was tested against a 
tabular chi-square value with n - 1 degrees of freedom where n equals 
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the number of classes used to fit the normal distribution. The residuals 
for weaning grade were arbitrarily divided into 10 classes of 5 grade 
points each. The same procedure of fitting the normal distribution to 
the calculated expected frequencies and calculating chi-square values 
was followed for weaning grade as for weaning weight. 
The second phase of this analysis involved subjective examination 
of plots of the residuals for deviations from the assumptions made about 
the errors. Two types of plots were used. The first plot consisted of 
a random sample of 500 residuals from each analysis plotted against 
their fitted values, Y..,. . Plots of this form give an overall exam-ij klmn 
ination of the residuals. These plots reveal reasonably,well such 
abnormalities as deviations from normality, non-constant variance and 
non-linear trends as overall characteristics of the residuals. In the 
second plot the residuals were plotted against the independent variables 
X_, for j = 1, ..., k. The purpose of plots of this form was to check 
the assumption of constant variance across levels within each factor. 
Properties of residuals 
Residuals may be thought of as the observed errors if the model 
is correct. However, there are restrictions on the residuals. When 
the method of equally-weighted least squares is used to fit values and 
there is a constant response associated with the linear model then the 
conditions 
(i) E (residuals) = 0 
(ii) Z (residuals) (fitted values) = 0 
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must hold. Therefore,nothing is to be learned from the mean of a group 
of residuals. Any information about the distribution of residuals must 
be learned from examining many residuals, one corresponding to each 
observation. 
In the least squares fit all observations are treated alike. There 
is no weighting according to inequality of numbers of observations. How­
ever, not all residuals are on a par. Two sorts of inequalities may 
arise (Anscombe and Tukey, 1963), 
(i) the variance of different deviations may be different be­
cause of different conditions of the observations. That is, 
in a classification model structure, variances may not be 
the same for all combinations of independent variables, and 
(ii) the linear model may not treat all observations equally well. 
Some observationsmay not be fit as well as other observations 
by the model in use. 
In general, residuals are not independent of one another and exhibit 
a complex correlation structure. This arises because the residuals are 
associated with fewer degrees of freedom than there are residuals. That 
is, if p parameters are being estimated from n observations then the 
residuals are associated with n - p degrees of freedom. The form of the 
variance of the residuals in the case of a linear model may be expressed 
—1 2 
as the variance-covariance matrix of the residuals V(e) = (I-X(X*X) X')a 
(Draper and Smith, 1966) where I is an identity matrix, X is a matrix of 
coefficients of the independent variables and X'X is a matrix of the 
coefficients of the left hand sides of the normal equations. Thus, the 
correlation between two residuals takes the form 
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r.. = 
ij / 
V(e^) • V(e ) 
element of the variance-covariance matrix. The correlations between 
residuals are important when examining distribution properties of 
residuals numerically. However, it has been stated by Anscombe and 
Tukey (1963) that the effect on graphical procedures can usually be 
ignored. 
Weaning weight and weaning grade may be considered traits of cows 
expressed through their calves. The purpose of this analysis was to 
determine whether the repeatability of dams was expressed differently 
in bulls, steers and heifers within Angus and Hereford breeds. Weaning 
weights and grades were corrected for all effects except breed. All 
records of the same sex within each breed were pooled and mean squares 
obtained "within dams" and "between dams". The theoretical expecta­
tions of these mean squares are shown in Table 3. The term repre­
sents the variation between calves from the same dam, and represents 
the variation between calves due to permanent differences, both hered­
itary and environmental, between dams. The coefficient of 0^2, k, is 
the approximate average number of calves per dam calculated from the 
formula 
Repeatability 
1 
k [n. - i ^ •] 
d-1 n. 
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Table 3. Symbolic form of the analysis for differences between and 
within dams 
Source of Degrees of Sum of Mean Expected mean 
variation freedom squares square square 
Between dams d-1 (d-l)D D + k 
Within dams n.-d (n.-d)W W 
From Drewry (1964). 
where d is the number of dams, n^ the number of offspring within each 
dam and n. the number of calves. 
The standard errors of the intraclass correlations or repeatability 
estimates were calculated by the formula 
(1 [1 + (k l)t] (Fisher, 1954) 
k (k-1) (d-1) 
where t is the intraclass correlation and k and d are as previously 
defined. This formula is not applicable to correlations outside the 
range +1 to The precise use of this formula is based on equal 
subclass numbers, t calculated from a "between" and "within" analysis 
and normally and independently distributed variables. 
In this study the value of k was 1.44, 1.34 and 1.50 for Hereford 
bull, steer and heifer calves, respectively. In Angus calves k was 
1.53, 1.21 and 1.55 for bull, steer and heifer calves, respectively. 
These values are relatively low because sexes were handled separately. 
The k values are the average number of offspring. Therefore, there is 
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unequal numbers of calves per dam. Thus, the estimates of the errors 
would not be very precise. 
The distribution of the degrees of freedom, utilized in correcting 
weaning data for sources of environmental variation is not clearly under­
stood. This is particularly true for the interaction degrees of freedom. 
Drewry (1964) deducted the degrees of freedom associated with farm-year, 
breed and inbreeding of the dam from the between dam degrees of freedom. 
Half the degrees of freedom for sex of calf, age-of-dam and age-of-calf 
were deducted from within dams and half from between dams. Rollins and 
Guilbert (1954) and Swiger (1960) ignored these degrees of freedom. 
Sidwell and Grandstaff (1949) deducted all the correction degrees of 
freedom from within dams. In the present study these degrees of freedom 
have been ignored. It is assumed that if some logical distribution was 
used to deduct these degrees of freedom from the within and between 
sources of variation the resulting repeatability estimates would not be 
changed markedly because of the number of degrees of freedom available. 
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RESULTS 
A preliminary least squares analysis revealed that the twelve 
months of the year could be divided into four seasons. Season 1 in­
cluded December, January and February; season 2, March, April and May; 
season 3, June, July and August; and season 4, September, October and 
November. Initially, age of dam was divided into seventeen classifica­
tions according to the method used by Cundiff (1966). The preliminary 
analysis revealed that these might be grouped into five classes. These 
classifications are as shown in Table 7. In the case of both seasons 
and age of dam the basis for the grouping was observed differences be­
tween least squares means. The rationale for grouping was to reduce 
the number of parameters to be estimated so that all two way interactions 
might be investigated. Otherwise the number of equations to be solved 
was quite unmanageable. 
Weaning Weight 
The analysis of variance for the dependent variable weaning weight 
for bulls, steers and heifers is presented in Tables 4, 5 and 6, re­
spectively. The least squares estimates and means for weaning weight 
are presented in Tables 7, 8 and 9. 
Area 
The effect of area on weaning weight was highly significant 
(P < .005) in bulls and heifers but was non-significant in steers. Area 
interacted significantly with age of dam and season of birth within 
bulls and heifers. The area by breed interaction was significant within 
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Table 4. Overall analysis of variance of weaning weight of bulls 
Degrees of Sum of Mean % of total 
Source freedom squares square Component variation 
Area 1 39613 39613*** 98 1.1 
Age of dam 4 874601 218650*** 702 8.0 
Management 1 1173555 1173555*** 2055 23.3 
Season-birth 3 91296 30432*** 94 1.0 
Breed 1 120248 120248*** 214 2.4 
Area x age 4 99952 24988*** 88 1.0 
Area x mgt. 1 100965 100965*** 160 1.8 
Area x season 3 96585 32195*** 127 1.5 
Area x breed 1 672 672 0 0.0 
Age X mgt. 4 19909 4977 0 0.0 
Age X season 12 149910 12493*** 39 0.4 
Age X breed 4 100038 25010*** 39 0.4 
Mgt. X season 3 116558 38853*** 85 1.0 
Mgt. X breed 1 375379 375379*** 281 3.2 
Season x breed 3 288290 96096*** 213 2.4 
Error 6420 29625106 4615 4615 
***(P < .005). 
heifers and the area by management interaction was significant within 
the bull analysis. There were no significant area interactions within 
steers. Area accounted for only 1.1% and 1,2% of the total variation 
in weaning weight of bull and heifer calves, respectively. No single 
area interaction accounted for more than 1.8% of the variation. In bulls 
and steers interactions between area and the other main effects com­
prised a total of 4.3% and 2.5% of the variation, respectively. 
Age of dam 
The effect of age of dam was highly significant (P < .005) within 
each sex. This factor accounted for 8.0%, 4.5% and 5.6% of the total 
variation in weaning weight of bulls, steers and heifers, respectively. 
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Table 5. Overall analysis of variance of weaning weight of steer calves 
Degrees of Sum of Mean % of total 
Source freedom squares square Component variation 
Area 1 290 290 0 0.0 
Age of dam 4 90934 22734*** 248 4.5 
Management 1 93714 93714*** 602 10.9 
Season-birth 3 59016 19672*** 162 2.9 
Breed 1 2037 2037 0 0.0 
Area x age 4 15436 3859 0 0.0 
Area x mgt. 1 2391 2391 0 0.0 
Area x season 3 19367 6456 35 0.6 
Area x breed 1 14547 14547 42 0.7 
Age X mgt. 4 48548 12136* 35 0.6 
Age X season 12 97562 8130* 54 1.0 
Age X breed 4 23322 5830 8 0.1 
Mgt. X season 3 63190 21063*** 122 2.2 
Mgt. X breed 1 157620 157620*** 272 4.9 
Season x breed 3 26064 8688 45 0.8 
Error 3378 13114551 3882 3882 
*(P < .05). 
***(? < .005). 
Of the main effects and interactions included in the model age of dam 
was the second most important source of variation in bulls and heifers 
and the third most important source of variation in steers. This effect 
is presented graphically in Figure 2. Age of dam interacted signifi­
cantly with area and breed in bulls and steers, with management in steers 
and with season in bulls and steers. However, none of these significant 
interactions accounted for more than 1% of the total variation in 
weaning weight and their total within any one sex was less than 2%. 
Figure 2, The effect of age of dam 
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Table 6. Overall analysis of variance of weaning weight of heifer calves 
Degrees of Sum of Mean % of total 
Source freedom squares square Component variation 
Area 1 37721 37721*** 56 1.2 
Age of dam 4 553416 138354*** 273 5.6 
Management 1 741569 741569*** 725 14.9 
Season-birth 3 75359 25120*** 51 1.0 
Breed 1 87910 87910*** 94 1.9 
Area x age 4 31740 7935* 12 0.3 
Area x mgt. 1 428 428 0 0.0 
Area x season 3 92605 30868*** 85 1.8 
Area x breed 1 21392 21392** 19 0.4 
Age X mgt. 4 78242 19561*** 19 0.4 
Age X season 12 62002 5167 6 0.1 
Age X breed 4 36773 9193* - 7 0.1 
Mgt. X season 3 11013 3671 1 0.0 
Mgt. X breed 1 380448 380448*** 167 3.5 
Season x breed 3 —298946 99649*** 151 3.1 
Error 9968 31749609 3185 3185 
*(P < .05). 
**(P < .01). 
***(? < .005). 
Management 
Of the effects included in the model for weaning weight management 
was the most important within each sex in terms of contribution to varia­
tion. Management accounted for 23.3%, 10.9% and 14.9% of the total 
variation in weaning weight within bulls, steers and heifers, respective­
ly. This effect was highly significant (P < .005) within each sex. The 
area by management interaction was significant only within the bull calf 
analysis contributing 1.8% of the total variation. The interaction be­
tween age of dam and management was significant in steers and heifers 
but within each sex accounted for less than 1% of the total variation in 
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Table 7. Least squares estimates and standard errors for weaning weight 
of bull calves 
Effect 
Number of 
observations 
Least 
squares 
constant 
Least 
squares 
mean 
Overall mean (y) 6467 439.6 + 2.9 439.6 + 2.9 
Area 
Area 1 (1)^ 5708 - 7.4 + 2.5 432.1 + 2.4 
Area 2 (2) 759 + 7.4 + 2.5 447.0 + 5.0 
Age of dam 
up to 33 mo. (1) 894 -30.2 + 4.1 409.3 + 4.3 
34-45 mo. (2) 903 -14.7 + 4.3 424.9 + 4.6 
4-5 yr. (3) 1604 + 8.8 + 3.6 448.4 + 3.8 
6-12 yr. (4) 2820 +30.0 + 3.1 469.6 + 3.0 
12 yr. (5) 246 + 6.1 + 8.2 445.7 + 10.3 
Management 
Creep fed (1) 3994 +32.1 + 2.0 471.7 + 3.4 
Non-creep fed (2) 2473 -32.1 + 2.0 407.5 + 3.7 
Season of birth 
Dec-Jan-Feb (1) 547 +13.7 + 6.1 453.3 + 7.8 
Mar-Apr-May (2) 4498 + 5.6 + 3.0 445.1 + 2.2 
Jun-Jul-Aug (3) 929 -10.5 + 3.8 429.1 + 3.9 
Sep-Oct-Nov (4) 493 — 8.8 + 5.2 430.8 + 6.3 
Breed 
Angus (1) 3677 -10.5 + 2.1 429.0 + 2.5 
Hereford (2) 2790 +10.5 + 2.1 450.1 + 3.1 
Area x age of dam 
(1,1)G 774 + 4.1 + 3.2 406.1 + 2.4 
(1,2) 795 + 9.6 + 3.3 427.1 + 2.4 
(1,3) 1428 + 2.4 + 2.8 443.4 + 1.8 
(1,4) 2497 - 6.7 + 2.4 455.5 + 1.4 
(1,5) 214 - 9.3 + 5.6 429.0 + 4.6 
(2,1) 120 - 4.1 + 3.2 412.7 + 6.2 
(2,2) 108 - 9.6 + 3.3 422.7 + 6.5 
^Refers to the level of the factor. 
^Refers to the combination of levels of the two factors involved 
the interaction. 
39 
Table 7. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Area x age of dam (continued) 
(2,3) 176 - 2.4 + 2.8 453.4 + 5.1 
(2,4) 323 + 6.7 + 2.4 483.7 + 3.8 
(2,5) 32 + 9.3 + 5.6 462.4 + 12.0 
Area x management 
(1,1) 
(1,2) 
(2,1) 
( 2 , 2 )  
3636 
2072 
358 
401 
+ 6.5 ± 1.4 
- 6.5 ± 1.4 
- 6.5 ± 1.4 
+ 6.5 ± 1.4 
470.8 ± 1.1 
393.6 ± 1.5 
472.6 ± 3.6 
421.4 ± 3.4 
Area x season of birth 
(1,1) 520 + 6.6 + 5.4 452.5 + 3.0 
(1,2) 4022 + 7.1 + 2.5 444.9 + 1.1 
(1,3) 771 - 3.4 + 3.1 418.3 + 2.4 
(1,4) 395 -10.3 + 3.6 413.1 + 3.4 
(2.1) 27 - 6.6 + 5.2 454.1 + 13.1 
(2,2) 476 - 7.1 + 2.5 445.5 + 3.1 
(2,3) 158 + 3.4 + 3.1 439.9 + 5.4 
(2,4) 98 +10.3 + 3.6 448.5 + 6.9 
ea X breed 
(1,1) 3222 - 0.5 + 1.4 421.2 + 1.2 
(1,2) 2486 + 0.5 + 1.4 443.2 + 1.4 
(2,1) 455 + 0.5 + 1.4 437.0 + 3.2 
(2,2) 304 - 0.5 + 1.4 457.0 + 3.9 
Age of dam x management 
(1,1) 549 + 4.4 + 2.2 445.9 + 2.9 
(1,2) 345 - 4.4 + 2.2 372.9 + 3.7 
(2,1) . 572 — 1.3 + 2.2 455.7 + 2.8 
(2,2) 331 + 1.3 + 2.2 394.1 + 3.7 
(3,1) 975 + 0.9 + 1.8 481.4 + 2.2 
(3,2) 629 - 0.9 + 1.8 415.4 + 2.7 
(4,1) 1752 + 0.1 + 1.6 501.8 + 1.6 
(4,2) 1068 - 0.1 + 1.6 437.4 + 2.1 
(5,1) 146 - 4.0 + 3.8 473.8 + 5.6 
(5,2) 100 + 4.0 + 3.8 417.6 + 6.8 
Table 7. (Continued) 
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Least Least 
Number of squares squares 
Effect observations constant mean 
Age of dam x season of birth 
(1,1) 48 +12.2 ± 7.2 435.3 + 9.8 
(1,2) 581 - 0.3 ± 3.8 414.7 + 2.8 
(1,3) 177 -10.8 ± 4.8 388.1 + 5.1 
(1,4) 88 - 1.1 ± 6.4 399.5 + 7.3 
(2,1) 48 -14.6 ± 7.2 424.0 + 9.8 
(2,2) 625 + 1.0 ± 3.8 431.5 + 2.7 
(2,3) 167 + 5.1 ± 4.9 419.5 + 5.3 
(2,4) 63 + 8.5 ± 6.8 424.6 + 8.6 
(3,1) 125 -13.8 ± 5.6 448.3 + 6.1 
(3,2) 1131 - 2.7 ± 3.1 451.3 + 2.0 
(3,3) 222 +10.6 ± 4.3 448.5 + 4.6 
(3,4) 126 + 5.9 ± 5.6 445.5 + 6.1 
(4,1) 310 - 2.8 ± 4.7 480.5 + 3.9 
(4,2) 1978 - 9.0 ± 2.8 466.2 + 1.5 
(4,3) 325 + 4.4 ± 3.8 463.5 + 3.8 
(4,4) 207 + 7.4 ± 4.5 468.2 + 4.7 
(5,1) 16 +19.0 ± 8.7 478.4 + 17.0 
(5,2) 183 +11.0 ± 4.8 462.3 + 5.0 
(5,3) 38 - 9.4 ± 7.5 425.8 + 11.0 
(5,4) 9 -20.6 ± 9.6 416.3 + 22.6 
Age of dam x breed 
(1,1) 464 + 8.5 + 2.3 407.4 + 3.2 
(1,2) 430 - 8.5 + 2.3 411.4 + 3.3 
(2,1) 502 - 3.3 + 2.3 411.1 + 3.1 
(2,2) 401 + 3.3 + 2.3 438.7 + 3.4 
(3,1) 802 - 3.7 + 1.9 434.2 + 2.4 
(3,2) 802 + 3.7 + 1.9 462.6 + 2.4 
(4,1) 1707 - 2.6 + 1.7 456.5 + 1.6 
(4,2) 1113 + 2.6 + 1.7 482.7 + 2.0 
(5,1) 202 + 1.0 + 4.3 436.2 + 4.8 
(5,2) 44 - 1.0 + 4.3 455.2 + 10.2 
Management x season of birth 
(1,1) 463 +16.9 + 3.5 502.3 + 3.1 
(1,2) 2632 - 5.5 + 1.7 471.8 + 1.3 
(1,3) 574 - 4.7 + 2.2 456.5 + 2.8 
(1,4) 325 - 6.6 + 2.8 456.3 + 3.8 
(2,1) 84 -16.9 + 3.5 404.3 + 7.4 
(2,2) 1866 + 5.5 + 1.7 418.6 + 1.6 
(2,3) 355 + 4.7 + 2.2 401.7 + 3.6 
(2,4) 168 + 6.6 + 2.8 405.3 + 5.2 
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Table 7. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Management x breed 
(1,1) 2251 - 8.4 + 0.9 452.8 + 1.4 
(1,2) 1743 + 8.4 + 0.9 490.6 + 1.6 
(2,1) 1426 + 8.4 + 0.9 405.4 + 1.8 
(2,2) 1047 — 8.4 + 0.9 409.6 + 2.1 
:ason of birth x breed 
(1,1) 190 - 2.9 + 2.7 439.9 + 4.9 
(1,2) 357 + 2.9 + 2.7 466.7 + 3.6 
(2,1) 2527 +11.3 + 1.6 446.0 + 1.4 
(2,2) 1971 -11.3 i 1.6 444.4 + 1.5 
(3,1) 595 + 7.4 ± 2.2 426.0 + 2.8 
(3,2) 334 - 7.4 + 2.2 432.2 + 3.7 
(4,1) 365 -15.8 + 3.0 404.5 + 3.6 
(4,2) 128 +15.8 3.0 457.1 + 6.0 
weaning weight. The effect of management by season of birth was signifi­
cant in the steer and bull analysis but not in the heifer analysis. 
This interaction accounted for 1.0% and 2.2% of the total variation in 
bulls and heifers. Of the interactions included in the model of this 
analysis the interaction between management and breed was the most im­
portant in terms of sources of variation in weaning weight within each 
sex. Within bulls, steers and heifers this effect contributed 3.2%, 
4.9% and 3.5% of the total variation, respectively. This interaction 
is presented graphically in Figure 3. 
Figure 3. Mean deviations of management within each 
level of breed 
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Table 8. Least squares estimates and standard errors for weaning 
weight of steer calves 
Effect 
Number of 
observations 
Least 
squares 
constant 
Least 
squares 
mean 
Overall mean (p) 3425 424.3 + 5.1 424.3 + 5.1 
Area 
Area 1 (1)^ 2957 - 1.4 + 5.0 432.0 + 5.7 
Area 2 (2) 468 + 1.4 + 5.0 425.7 + 7.7 
Age of dam 
up to 33 mo. (1) 670 -32.9 + 10.9 391.4 + 12.4 
34-45 mo. (2) 621 - 9.1 + 6.9 415.2 + 6.2 
4-5 yr. (3) 867 + 9.4 + 6.9 433.8 + 6.5-
6-12 yr. (4) 1176 +18.2 + 6.4 . 442.6 + 5.6 
12 yr. (5) 91 +14.2 ± 16.9 438.7 20.7 
Management 
Creep fed (1) 1055 +17.7 + 3.6 442.0 + 6.8 
Non-creep fed (2) 2370 -17.7 + 3.6 406.6 + 5.8 
Season of birth 
Dec-Jan-Feb (1) 49 +24.0 + 13.3 448.3 + 17.5 
Mar-Apr-May (2) 2726 + 3.8 + 6.1 428.2 + 3.8 
Jun-Jul-Aug (3) 282 -16.6 + 7.0 407.7 + 6.1 
Sep-Oct-Nov (4) 368 -11.1 + 7.8 413.2 + 8.7 
Breed 
Angus (1) 1229 - 2.9 + 4.0 421.5 + 6.4 
Hereford (2) 2196 + 2.9 + 4.0 427.2 + 6.8 
Area x age of dam 
(1,1)b 583 - 0.7 + 4.6 389.3 + 2.6 
(1,2) 542 - 7.3 + 4.7 406.5 + 2.7 
(1,3) 742 - 6.6 + 4.3 425.7 + 2.3 
(1,4) 1008 - 2.8 + 4.3 438.3 + 2,0 
(1,5) 82 +17.3 + 13.1 454.4 + 6.9 
(2,1) 87 + 0.7 + 4.6 393.5 + 6.7 
(2,2) 79 + 7.3 + 4.7 423.9 + 7.0 
Refers to the level of the factor. 
Refers to the combination of levels of the two factors involved in 
the interaction. 
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Table 8. (Continued) 
Effect 
Number of 
observations 
Least 
squares 
constant 
Least 
squares 
mean 
Area x age of dam (continued) 
(2,3) 125 + 6.6 + 4.3 441.7 + 5.6 
(2,4) 168 + 2.8 + 4.3 446.7 + 4.8 
(2,5) 9 -17.3 + 13.1 422.6 + 20.8 
Area x management 
(1,1) 903 - 1.6 + 2.0 439.0 + 2.1 
(1,2) 2054 + 1.6 + 2.0 406.8 + 1.4 
(2,1) 152 + 1.6 + 2.0 445.0 + 5.1 
(2,2) 316 - 1.6 + 2.0 406.4 + 3.5 
Area x season of birth 
(1,1) 39 - 3.8 + 9.8 443.1 10.0 
(1,2) 2432 - 4.9 + 4.1 421.8 + 1.3 
(1,3) 227 - 3.0 + 5.2 403.3 + 4.1 
(1,4) 259 +11.6 + 6.8 423.4 + 3.9 
(2,1) 10 + 3.8 + 9.8 453.5 + 19.7 
a%2) 294 + 4.9 + 4.1 434.4 + 3.6 
(2,3) 55 + 3.0 + 5.2 412.1 + 8.4 
(2,4) 109 -11.6 + 6.8 403.0 + 6.0 
Area x breed 
(1,1) 917 + 3.8 + 2.0 423.8 + 2.1 
(1,2) 2040 - 3.8 + 2.0 422.0 + 1.4 
(2,1) 312 - 3.8 + 2.0 419.0 + 3.5 
(2,2) 156 + 3.8 + 2.0 432.4 + 5.0 
Age of dam x management 
(1,1) 238 + 7.8 + 3.0 416.9 + 4.0 
(1,2) 432 - 7.8 + 3.0 365.9 + 3.0 
(2,1) 175 + 4.2 + 3.0 437.1 + 4.7 
(2,2) 446 - 4.2 + 3.0 393.3 + 3.0 
(3,1) 306 - 2.4 + 2.7 449.0 + 3.6 
(3,2) 561 + 2.4 + 2.7 418.4 + 2.6 
(4,1) 317 - 2.9 + 2.6 457.3 + 3.5 
(4,2) 859 + 2.9 + 2.6 427.7 + 2.1 
(5,1) 19 - 6.8 + 6.8 449.4 + 14.3 
(5,2) 72 + 6.8 + 6.8 427.6 + 7.3 
Age of dam x season of birth 
(1,1) 2 + 3.2 + 30.4 418.6 + 44.1 
(1,2) 531 + 5.2 + 11.2 400.4 + 2.7 
Table 8. (Continued) 
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Least Least 
Number of squares squares 
Effect observations constant mean 
Age of dam x season of birth (continued) 
(1,3) 71 + 1.6 + 12.1 376.4 + 7.4 
(1,4) 66 -10.1 + 13.3 370.2 + 7.7 
(2,1) 11 - 6.7 + 17.3 432.5 + 18.8 
(2,2) 510 +14.0 + 8.0 433.0 + 2.8 
(2,3) 61 -18.4 + 9.0 380.2 + 8.0 
(2,4) 39 +11.1 + 10.8 415.2 + 10.0 
(3,1) 14 -12.0 + 17.9 445.7 + 16.7 
(3,2) 707 + 5.6 + 7.5 443.1 + 2.3 
(3,3) 61 +12.4 + 9.0 429.5 + 8.0 
(3,4) 85 - 6.0 + 8.8 416.6 + 6.8 
(4,1) 21 - 0.3 + 16.5 466.2 + 13.6 
(4,2) 909 - 3.3 + 7.1 443.0 + 2.1 
(4,3) 72 +15.6 + 8.5 441.5 + 7.3 
(4,4) 174 -12.0 + 7.8 419.4 + 4.7 
(5,1) 1 +15.8 + 40.3 478.3 + 62.3 
(5,2) 69 -21.5 + 9.1 420.8 + 7.5 
(5,3) 17 -11.2 + 17.2 410.7 + 15.1 
(5,4) 4 +17.0 + 18.9 444.4 + 31.2 
;e of dam x breed 
(1,1) 234 + 0.5 + 2.9 389.0 + 4.1 
(1,2) 436 - 0.5 + 2.9 393.8 + 3.0 
(2,1) 202 - 1.7 + 2.8 410.6 + 4.4 
(2,2) 419 + 1.7 + 2.8 419.8 + 3.0 
(3,1) 310 + 2.7 + 2.5 433.5 + 3,5 
(3,2) 557 - 2.7 + 2.5 433.9 + 2.6 
(4,1) 442 + 5.3 + 2.4 444.9 + 3.0 
(4,2) 734 - 5.3 + 2.4 440.1 + 2.3 
(5,1) 41 - 6.8 + 5.8 428.8 + 9.7 
(5,2) 50 + 6.8 + 5.8 448.2 + 8.8 
Management x season of birth 
(1,1) 25 - 2.8 + 7.6 463.2 + 12.5 
(1,2) 822 + 4.0 + 3.1 449.8 + 2.2 
(1,3) 128 +10.7 + 4.1 436.1 + 5.5 
(1,4) 80 -11.9 + 4.9 419.0 + 7.0 
(2,1) 24 + 2.8 + 7.6 433.4 + 12.7 
(2,2) 1904 - 4.0 + 3.1 406.4 + 1.4 
(2,3) 154 -10.7 + 4.1 379.3 + 5.0 
(2,4) 288 +11.9 + 4.9 407.4 + 3.7 
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Table 8. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Management x breed 
(1,1) 556 - 8.3 + 1.3 430.8 ± 2.6 
(1,2) 499 + 8.3 + 1.3 453.2 ± 2.8 
(2,1) 973 + 8.3 + 1.3 412.0 ± 2.0 
(2,2) 1697 - 8.3 + 1.3 401.2 ± 1.5 
Season of birth x breed 
(1,1) 12 -17.4 + 9.0 428.0 ± 18.0 
(1,2) 37 +17.4 + 9.0 468.6 ± 10.2 
(2,1) 943 + 0.3 + 3.7 425.5 ± 2.0 
(2,2) 1783 - 0.3 + 3.7 430.7 ± 1.5 
(3,1) 156 + 6.6 + 4.5 411.4 ± 5.0 
(3,2) 126 - 6.6 + 4.5 404.0 ± 5.6 
(4,1) 118 +10.5 + 6.1 420.8 ± 5.7 
(4,2) 250 -10.5 + 6.1 405.6 ± 4.0 
Season of birth 
The effect of season of birth on weaning weight of bull, steer and 
heifer calves is presented graphically in Figure 4. This effect was 
highly significant (P < .005) within each analysis. Season of birth 
accounted for 2.9% of the total variation in weaning weight of steers, 
1.0% in bulls and 1.0% in heifers. In the bull calf analysis season of 
birth interacted highly significantly (P < .005) with all other main 
effects. These interactions accounted for a total of 5.4% of the total 
variation in bull weaning weights. Of this total the interactions be­
tween season and breed, season and area and season and management account­
ed for 2.4%, and 1.5% and 1.0% of the variation. In heifers only the 
area by season of birth and the season of birth by breed interactions 
Figure 4. The effect of season of birth 
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Table 9. Least squares estimates and standard errors for weaning 
weight of heifer calves 
Effect 
Number of 
observations 
Least 
squares 
constant 
Least 
squares 
mean 
Overall mean (p) 10015 398.4 + 1.8 398.4 + 1.8 
Area 
Area 1 (1)^ 8727 - 5.5 + 1.6 392.9 + 1.5 
Area 2 (2) 1288 + 5.5 + 1.6 404.0 + 3.1 
Age of dam 
up to 33 mo. (1) 1611 -21.4 + 2.7 377.0 + 2.9 
34-45 mo. (2) 1600 -12.6 + 2.7 385.8 + 2.9 
4-5 yr. (3) 2555 + 6.9 + 2.2 405.3 + 2.3 
6-12 yr. (4) 3924 +16.4 + 2.0 414.8 + 1.8 
12 yr. (5) 325 +10.8 + 5.1 409.2 + 6.4 
Management 
Creep fed (1) 4751 +19.1 + 1.3 417.5 + 2.2 
Non-creep fed (2) 5264 -19.1 + 1.3 379.4 + 2.2 
Season of birth 
Dec-Jan-Feb (1) 631 +22.3 + 3.8 410.8 + 4.8 
Mar-Apr-May (2) 7318 + 2.6 + 1.9 401.0 + 1.4 
Jun-Jul-Aug (3) 1148 — 8.6 + 2.6 389.9 + 2.8 
Sep-Oct-Nov (4) 918 - 6.3 + 3.2 392.1 + 3.6 
Breed 
Angus (1) 5002 - 7.0 + 1.3 391.5 + 2.0 
Hereford (2) 5013 + 7.0 + 1.3 405.4 + 2.4 
Area x age of dam 
(1,1)0 1417 + 2.0 + 2.1 373.5 + 1.5 
(1,2) 1405 + 5.5 + 2.1 385.8 + 1.5 
(1,3) 2224 + 0.9 + 1.8 400.7 + 1.2 
(1,4) 3401 - 1.3 + 1.6 408.0 + 1.0 
(1,5) 280 - 7.2 + 3.9 396.5 + 3.4 
(2,1) 194 - 2.0 + 2.1 380.5 + 4.1 
(2,2) 195 - 5.5 + 2.1 385.8 + 4.1 
Refers to the level of the factor. 
Refers to the combination of levels of the two factors involved in 
the interaction. 
Table 9. (Continued) 
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Least Least 
Number of squares squares 
Effect observations constant mean 
Area x age of dam (continued) 
(2,3) 331 - 0.9 + 1.8 409.9 + 3.1 
(2,4) 523 + 1.3 + 1.6 421.6 + 2.5 
(2,5) 45 + 7.2 + 3.9 421.9 + 8.4 
Area x management 
(1,1) 4178 + 0.3 + 0.9 412.3 + 0.9 
(1,2) 4549 - 0.3 + 0.9 373.5 + 0.8 
(2,1) 573 - 0.3 + 0.9 422.7 + 2.4 
(2,2) 715 + 0.3 + 0.9 385.1 + 2.1 
Area x season of birth 
(1,1) 578 +12.9 + 3.2 428.1 + 2.3 
(1,2) 6521 + 1.2 + 1.5 396.7 + 0.7 
(1,3) 923 - 7.2 + 2.0 377.1 + 1.9 
(1,4) 705 — 6.9 + 2.3 379.7 + 2.1 
(2,1) 53 -12.9 + 3.2 + 7.8 
(2,2) 797 — 1.2 + 1.5 405.3 + 2.0 
(2,3) 225 + 7.2 + 2.0 402.5 + 3.8 
(2,4) 213 + 6.9 + 2.3 404.5 + 3.9 
Area x breed 
(1,1) 4206 + 2.4 + 0.9 388.3 + 0.9 
(1,2) 4521 - 2.4 + 0.9 397.5 + 0.8 
(2,1) 796 - 2.4 + 0.9 394.5 + 2.0 
(2,2) 492 + 2.4 + 0.9 413.3 + 2.5 
Age of dam x management 
(1,1) 733 + 4.3 + 1.4 400.4 + 2.1 
(1,2) 878 - 4.3 + 1.4 353.6 + 1.9 
(2,1) 734 + 1.7 + 1.4 406.6 + 2.1 
(2,2) 866 - 1.7 + 1.4 390.2 + 1.9 
(3,1) 1264 - 2.6 + 1.2 421.8 + 1.6 
(3,2) 1291 + 2.6 + 1.2 388.8 + 1.6 
(4,1) 1867 - 3.3 + 1.1 430.6 + 1.3 
(4,2) 2057 + 3.3 + 1.1 399.0 + 1.2 
(5,1) 153 + 0.0 + 2.6 428.3 + 4.6 
(5,2) 172 - 0.0 + 2.6 390.1 + 4.3 
Age of dam x season of birth 
(1,1) 55 + 5.0 + 5.4 404.3 + 7.6 
(1,2) 1143 - 3.7 + 2.6 375.9 + 1.7 
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Table 9. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Age of dam x season of birth (continued) 
(1,3) 228 + 3.6 + 3.5 372.0 + 3.7 
(1,4) 185 - 4.9 + 3.7 365.8 + 4.1 
(2,1) 71 - 3.1 + 5.0 405.0 + 6.7 
(2,2) 1197 + 0.3 + 2.5 388.7 + 1.6 
(2,3) 194 - 4.4 + 3.6 372.8 + 4.1 
(2,4) 138 + 7.2 + 4.1 386.7 + 4.8 
(3,1) 139 - 7.2 + 4.1 420.4 + 4.8 
(3,2) 1896 + 0.3 + 2.1 408.2 + 1.3 
(3,3) 290 + 3.5 + 3.1 400.2 + 3.3 
(3,4) 230 + 3.4 + 3.5 402.4 + 3.7 
(4,1) 344 - 3.9 + 3.4 433.2 + 3.0 
(4,2) 2838 - 4.5 + 1.9 412.9 + 1.1 
(4,3) 393 + 2.7 + 2.8 408.9 + 2.8 
(4,4) 349 + 5.7 + 3.4 414.2 + 3.0 
(5,1) 22 + 9.2 + 10.6 440.7 + 12.0 
(5,2) 244 + 7.5 3.6 419.3 + 3.6 
(5,3) 43 - 5.4 + 6.0 395.2 + 8.6 
(5,4) 16 -11.3 13.1 391.6 + 14.1 
Age of dam x breed 
(1,1) 792 + 3.9 + 1.4 373.9 + 2.0 
(1,2) 819 - 3.9 + 1.4 380.1 + 2.0 
(2,1) 693 - 1.9 + 1.4 376.9 + 2.1 
(2,2) 907 + 1.9 + 1.4 394.7 + 1.9 
(3,1) 1166 - 2.0 + 1.3 396.3 + 1.7 
(3,2) 1389 + 2.0 + 1.3 414.3 + 1.5 
(4,1) 2116 + 0.2 + 1.1 408.0 + 1.2 
(4,2) 1808 - 0.2 + 1.1 421.6 + 1.3 
(5,1) 235 - 0.1 + 3.0 402.1 + 3.7 
(5,2) 90 + 0.1 + 3.0 416.3 + 5.9 
Management x season of birth 
(1,1) 368 + 0.4 + 1.9 440.2 + 2.9 
(1,2) 3350 + 1.0 + 1.0 421.1 + 1.0 
(1,3) 658 - 2.4 + 1.5 406.5 + 2.2 
(1,4) 375 + 0.9 + 1.7 412.1 + 2.9 
(2,1) 263 - 0.4 + 1.9 401.2 + 3.5 
(2,2) 3968 - 1.0 + 1.0 380.9 + 0.9 
(2,3) 490 + 2.4 + 1.5 373.1 + 2.5 
(2,4) 543 - 0.9 + 1.7 372.1 + 2.4 
53 
Table 9. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Management x breed 
(1.1) 2790 - 6.5 + 0.6 404.0 + 1.1 
(1,2) 1961 + 6.5 + 0.6 431.0 + 1.3 
(2,1) 2212 + 6.5 + 0.6 378.8 + 1.2 
(2,2) 3052 - 6.5 + 0.6 379.8 + 1.0 
Season of birth x breed 
(1,1) 220 -11.6 + 2.0 402.1 + 3.8 
(1,2) 411 +11.6 + 2.0 439.3 + 2.8 
(2,1) 3584 + 9.0 + 1.0 403.0 + 0.9 
(2,2) 3734 - 9.0 + 1.0 398.4 + 0.9 
(3,1) 736 + 6.3 + 1.6 389.1 + 2.1 
(3,2) 412 - 6.3 + 1.6 390.5 + 2.8 
(4,1) 462 - 3.8 + 1.9 381.3 + 2.6 
(4,2) 456 + 3.8 + 1.9 402.9 + 2.6 
were significant accounting for 3.1% and 1.8% of the variation, respec­
tively. The analysis of steer weaning weights revealed season of birth 
to interact significantly with age of dam and management. The season x 
age interaction accounted for less than 1% of the variation. However, 
this value for the season x management interaction was 2.2%. 
Breed 
Breed effects were highly significant (P < .005) in bulls and 
heifers accounting for 2.4% and 1.9% of the total variation in weaning 
weight. Despite the non-significance of this main effect in steers the 
management by breed interaction was significant, accounting for 4.9% 
of the variation. Within the bull analysis breed interacted significantly 
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with all other main effects except area. Of these interactions manage­
ment by breed and season by breed accounted for 3.2% and 2.4% of the 
variation in weaning weight, respectively. The season by breed inter­
action is presented graphically in Figure 5. Breed interacted signifi­
cantly with all other main effects within heifers. The management by 
breed interaction accounted for 3.5% of the variation, and the season 
by breed interaction accounted for 3.1% of the variation. The remain­
ing breed interactions contributed less than 1% of the variation. 
Sex 
Although the analyses were conducted within sexes, the effect of 
sex differences on weaning weight were estimated. The method of Cundiff 
(1966) was used to test for significant sex effects and significant 
interaction effects between sex and area, age of dam, management, season 
of birth and breed. This method involved placing 95% confidence limits 
on the least squares constants. The criterion for determining signifi­
cant interactions was whether or not the confidence intervals overlapped. 
There was no significant difference between bulls and steers as their 
confidence intervals overlapped (Table 10). There was a significant 
difference between heifers and steers and heifers and bulls. There were 
no significant interactions between sex and season of birth, area or 
breed. The 95% confidence intervals in creep and non-creep fed steers 
and heifers overlapped. However, the confidence intervals for creep fed 
and non-creep fed bulls did not overlap with those of creep fed and non-
creep fed steers and heifers. Therefore, there was a significant sex by 
management interaction. The 95% confidence intervals for bulls and 
Figure 5. Mean deviations of season of birth within 
each level of breed 
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Table 10. Least squares estimates ± 95% confidence intervals for u, 
area, age of dam, management, season of birth and breed 
within each sex 
Sex 
Effect Bulls^ Steers Heifers 
u (overall mean) 439.6 + 5.7I 424.3 + 10.Ol 398.4 + 3.52 
Area 
4.9I Area 1 - 7.4 + - 1.4 + 9.8l - 5.5 + 3.1I 
Area 2 + 7.4 + 4.9I + 1.4 ± 9.8l + 5.5 + 3.II 
Age of dam 
8.0I 5.3I up to 33 mo. -30.2 + -32.9 + 21.4I -21.4 + 
34-45 mo. -14.7 + 8.4I - 9.1 13.61 -12.6 + 5.3I 
4-5 yrs. + 8.8 + 7.1.1 + 9.4 + 13.5I + 6.9 + 4.3I 
6-12 yrs. +30.0 + 6.1I +18.4 + 12.612 +16.4 + 3.92 
>12 yrs. + 6.1 + 16.ll +14.2 33.61 +10.8 + 10.Ol 
Management 
3.9I 2.62 Creep fed +32.1 + +17.7 + 7.1% +19.1 + 
Non-creep fed -32.1 + 3.9I -17.7 ± 7.12 -19.1 + 2.62 
Season of birth 
26.7I 7.5I Dec-Jan-Feb +13.7 + 12.QI +24.0 + +22.3 + 
Mar-Apr-May + 5.6 + 5.9I + 3.8 ± 12.ol + 2.6 + 3.7I 
Jun-Jul-Aug -10.5 + 7.5I -16.6 + 13.31 - 8.6 + 5.1I 
Sep-Oct-Nov — 8.8 + 10.2I -11.1 ± 15.3I - 6.3 + 6.3I 
Breed 
Angus -10.5 + 4.1I - 2.9 ± 7.9I - 7.0 + 2.6l 
Hereford +10.5 + 4.1I + 2.9 + 7.9I + 7.0 + 2.6l 
^Estimates in the same level of a factor (row) with different super­
scripts differ significantly in that their 95% confidence intervals do 
not overlap. 
steers overlapped for each age of dam group indicating no significant 
difference in age of dam effects. In heifers the 95% confidence inter­
vals for all age of dam group except for 6 to 12 year old cows overlapped 
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with the intervals for bulls and steers. In 6 to 12 year old cows the 
effect of age of dam was significantly different in bulls and heifers 
but not significantly different in steers and heifers. 
Bartlett's test for homogeneity of variances indicated the variances 
for bulls, steers and heifers to be heterogeneous (P < .001) (Table 11). 
An F-test indicated the closest pair of variances, those of steers and 
heifers, to be significantly different (P < .001). 
Weaning Grade 
The analysis of variance for the weaning grade of bulls, steers 
and heifers is presented in Tables 12, 13 and 14, respectively. The 
least squares constants and means and their standard errors are given 
in Tables 13, 16 and 17. In view of the analysis of the weaning grade 
residuals, to be discussed later, little can be said about the tests of 
significance of the factors effecting weaning grade. Briefly, the 
residual analysis indicated that in the analysis of weaning grade the 
assumption of normality of the errors was violated. This would mean 
that the F-tests were not appropriate. Therefore, the presentation of 
the results of the effects of the independent variables on weaning grade 
will be in terms of the proportion of the total variance attributable to 
each factor. 
Area 
The effect of area accounted for none of the variation in bull and 
heifer weaning grades. However, area accounted for 11.6% of the varia­
tion in steer weaning grades, the most of any factor included in the 
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Table 11. Bartlett's test for homogeneity of weaning weight variances 
in bulls, steers and heifers and F-test for difference be­
tween steer and heifer variances 
Sum of Degrees of 
Sex squares (S.S.) freedom (d.f.) s^^^ log^Q s/ d.f.(log^Q s^^) 
Bulls 
Steers 
Heifers 
Total 
29625106.06 
13114550.92 
31749609.49 
74489266.47 
6420 
3378 
9968 
19766 
4614.50 3.66408 
3882.34 3.58906 
3185.15 3.50311 
23523.39 
12123.84 
34919.00 
70566.24 
S s Pooled estimate of variance = = ' ' d.f. = 3768.56 
B = (log^Q s^) Z d.f. = 70686.58 
i=l 
X2^ = log 10 (B - I d.f. logjQ s^2) = 277.09 > X2^ ggg^ = 13.8 
T? _ 3882.34 _ 1 01 ^ T, - 1 nn 
~ 3185.15 F(.999)(3378,9968) 
Estimated variance. 
model. The interaction effect between area and age of dam accounted for 
0.3% of the variation in bulls and heifers and 1.4% in steers. The 
effect of area by management interaction accounted for no variation in 
bulls but 4.2% in steers and 3.8% in heifers. In bulls the area by 
season interaction accounted for no variation and only 2.1% and 1.7% 
of the variation in steers and heifers, respectively. In steers the 
interaction between area and breed was the second most important effect 
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Table 12. Overall analysis of variance of weaning grade of bull calves 
Degrees of Sum of Mean % of total 
Source freedom squares square Component variation 
Area 1 4.2 4.2 0.00 0.0 
Age of dam 4 69.9 17.5* 0.04 0.5 
Management 1 495.4 495.4*** 0.86 11.6 
Season-birth 3 23.2 7.7 0.01 0.1 
Breed 1 64.5 64.5*** 0.11 1.5 
Area x age 4 43.9 11.0 0.02 0.3 
Area x mgt. 1 6.7 6.7 0.00 0.0 
Area x season 3 15.0 5.0 0.00 0.0 
Area x breed 1 0.0 0.0 0.00 0.0 
Age X mgt. 4 10.6 2.6 0.00 0.0 
Age X season 12 18.9 1.6 0.00 0.0 
Age X breed 4 20.2 5.0 0.00 0.0 
Mgt. X season 3 52.3 17.4* 0.03 0.4 
Mgt. X breed 1 735.0 735.0*** 0.55 7.4 
Season x breed 3 64.4 21.4** 0.04 0.5 
Regression on 
age of calf 1 98.8 98.8*** 0.21 2.8 
Error 6419 35874.3 5.6 5.6 
*(P < .05). 
**(P < .01). 
***(p < .005). 
contributing 11.2% of the total variation. This interaction accounted 
for no variation in weaning grade of bulls and heifers. 
Age of dam 
Age of dam accounted for only 0.5% of the variance of weaning grade 
of bulls and of heifers and 0.4% of the variance of steers. Inter­
actions involving age of dam accounted for a total of 0.3% of the varia­
tion in bull and heifer weaning grade. In steers the interactions be­
tween age of dam and area and age of dam and management contributed 1.4% 
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Table 13. Overall analysis of variance of weaning grade of steer calves 
Degrees of Sum of Mean % of total 
Source freedom squares square Component variation 
Area 1 68.1 68.1*** 0.83 11.6 
Age of dam 4 23.4 5.9 0.03 0.4 
Management 1 40.7 40.7*** 0.25 3.5 
Season-birth 3 62.0 20.7*** 0.13 1.8 
Breed 1 8.0 8.0 0.03 0.5 
Area x age 4 62.0 15.5*** 0.10 1.4 
Area x mgt. 1 77.6 77.6*** 0.30 4.2 
Area x season 3 44.9 15.0** 0.15 2.1 
Area x breed 1 203.9 203.9*** 0.80 11.2 
Age X mgt. 4 26.1 6.5 0.01 0.2 
Age X season 12 45.1 3.8 0.00 0.0 
Age X breed 4 4.7 1.2 0.00 0.0 
Mgt. X season 3 79.6 26.5*** 0.16 2.3 
Mgt. X breed 1 80.7 80.7*** 0.14 1.9 
Season x breed 3 48.6 16.2*** 0.12 1.6 
Regression on 
age of calf 1 127.4 127.4*** 0.31 4.4 
Error 3377 12688.2 3.8 3.8 
**(P < .01). 
***(P < .005). 
and 0.2% of the variation in weaning grade, respectively. The remaining 
interactions contributed no variation in steers. 
Management 
Of the effects included in the model for weaning grade management 
was the most important source of variation in bulls and heifers, con­
tributing 11.6% and 9.9% of the variance, respectively. In steers this 
factor accounted for 3.5% of the variation. The area by management 
interaction effect accounted for no variation in bulls but 4.2% in 
steers and 3.8% in heifers. In bulls and heifers the interaction 
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Table 14. Overall analysis of variance of weaning grade of heifer calves 
Degrees of Sum of Mean % of total 
Source freedom squares squares Component variation 
Area 1 0.0 0.0 0.00 0.0 
Age of dam 4 107.2 26.8*** 0.04 0.5 
Management 1 820.3 820.3*** 0.80 9.9 
Season-birth 3 145.3 48.4*** 0.10 1.2 
Breed 1 45.4 45.4*** 0.04 0.5 
Area x age 4 64.3 16.1* 0.03 0.3 
Area x mgt. 1 309.7 309.7*** 0.31 3.8 
Area x season 3 159.9 53.3*** 0.14 1.7 
Area x breed 1 0.5 0.5 0.00 0.0 
Age X mgt. 4 30.6 7.7 0.00 0.0 
Age X season 12 79.6 6.6 0.00 0.0 
Age X breed 4 10.3 2.6 0.00 0.0 
Mgt. X season 3 98.1 32.7*** 0.04 0.5 
Mgt. X breed 1 1091.2 1091.2*** 0.48 5.9 
Season x breed 3 112.2 37.4*** 0.05 0.6 
Regression on 
age of calf 1 309.3 309.3*** 0.68 8.4 
Error 9967 53810.1 5.4 5.4 
*(P < .05). 
***(P < .005). 
between age of dam and management contributed no variation to weaning 
grade. In steers this effect contributed 0.2% of the variation. The 
management by season interaction accounted for less than 1.0% of the 
variation in bulls and heifers and 2.3% in steers. Management by breed 
was the second most important source of variation in weaning grade of 
bulls, accounting for 7.4% of the variation. In heifers and steers this 
effect contributed 5.9% and 1.9% of the variation. 
63 
Table 15. Least squares estimates and standard errors for weaning grade 
of bulls 
Effect 
Number of 
observations 
Least 
squares 
constant 
Least 
squares 
mean 
Overall mean (y) 6467 13.78 + 0.31 13.78 + 0.31 
Area 
Area 1 (1)^ 5708 -0.07 + 0.09 13.71 0.03 
Area 2 (2) 759 +0.07 + 0.09 13.85 ± 0.09 
Age of dam 
up to 33 mo. (1) 894 -0.29 + 0.14 13.49 ± 0.08 
34-45 mo. (2) 903 +0.03 + 0.15 13.81 + 0.08 
4-5 yr. (3) 1604 +0.18 + 0.13 13.96 ± 0.06 
6-12 yr. (4) 2820 +0.27 + 0.11 14.05 ± 0,04 
>12 yr. (5) 246 -0.19 + 0.28 13.59 ± 0.15 
Management 
Creep fed (1) 3994 +0.66 + 0.07 14.44 ± 0.04 
Non-creep fed (2) 2473 -0.66 + 0.07 13.12 + 0.05 
Season of birth 
Dec-Jan-Feb (1) 547 +0.37 + 0.21 14.15 ± 0.10 
Mar-Apr-May (2) 4498 -0.18 + 0.10 13.60 ± 0.04 
Jun-Jul-Aug (3) 929 -0.09 + 0.13 13.69 + 0.08 
Sep-Oct-Nov (4) 493 -0.10 + 0.18 13.68 + 0.11 
Breed 
Angus (1) 3677 +0.24 + 0.07 14.02 + 0.04 
Hereford (2) 2790 -0.24 + 0.07 13.54 ± 0.04 
Area x age of dam 
(1,1)* 774 +0.22 + 0.11 13.64 ± 0.08 
(1,2) 795 -0.03 + 0.11 13.71 + 0.08 
(1,3) 1428 -0.05 + 0.10 13.84 + 0.06 
(1,4) 2497 -0.17 + 0.08 13.81 + 0.05 
(1,5) 214 +0.03 + 0.20 13.55 + 0.16 
(2,1) 120 -0.22 + 0.11 13.34 + 0.22 
(2,2) 108 +0.03 + 0.11 13.91 jr 0.23 
Refers to the level of the factor. 
Refers to the combination of levels of the two factors involved 
in the interaction. 
Table 15. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Area x age of dam (continued) 
(2,3) 176 +0.05 + 0.10 14.08 + 0.18 
(2,4) 323 +0.17 + 0.08 14.29 + 0.13 
(2,5) 32 -0.03 + 0.20 13.63 + 0.42 
Area x management 
(1,1) 3636 -0.05 + 0.05 14.32 + 0.04 
(1,2) 2072 +0.05 + 0.05 13.10 + 0.05 
(2,1) 358 +0.05 + 0.05 14.56 + 0.12 
(2,2) 401 -0.05 + 0.05 13.14 + 0.12 
Area x season of birth 
(1,1) 520 -0.11 + 0.19 13.97 + 0.10 
(1,2) 4022 +0.14 + 0.09 13.67 + 0.04 
(1,3) 771 -0.01 + 0.11 13.61 + 0.09 
(1,4) 395 -0.02 + 0.12 13.59 + 0.12 
(2,1) 27 +0.11 + 0.19 14.33 + 0.45 
(2,2) 476 -0.14 + 0.09 13.53 + 0.11 
(2,3) 158 +0.01 + 0.11 13.77 + 0.19 
(2,4) 98 +0.02 + 0.12 13.77 + 0.24 
Area x breed 
(1,1) 3222 -0.00 + 0.05 13.95 + 0.04 
(1,2) 2486 +0.00 + 0.05 13.47 + 0.05 
(2,1) 455 +0.00 + 0.05 14.09 + 0.11 
(2,2) 304 -0.00 + 0.05 13.61 + 0.14 
;e of dam x management 
(1,1) 549 +0.03 + 0.08 14.18 + 0.10 
(1,2) 345 -0.03 + 0.08 12.80 + 0.13 
(2,1) 572 -0.07 + 0.08 14.40 + 0.10 
(2,2) 331 +0.07 + 0.08 13.22 + 0.13 
(3,1) 975 -0.03 0.06 14.59 + 0.08 
(3,2) 629 +0.03 + 0.06 13.33 + 0.09 
(4,1) 1752 -0.06 + 0.06 14.65 + 0.06 
(4,2) 1068 +0.06 + 0.06 13.45 + 0.07 
(5,1) 146 +0.03 + 0.13 14.38 + 0,20 
(5,2) 100 -0.03 + 0.13 12.80 + 0.24 
Age of dam x season of birth 
(1.1) 48 
(1.2) 581 
+0.10 ± 0.25 
-0.05 ± 0.13 
13.96 ± 0.34 
13.26 ± 0.10 
Table 15. (Continued) 
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Least Least 
Number of squares squares 
Effect observations constant mean 
Age of dam x season of birth (continued) 
(1,3) 177 -0.03 + 0.17 13.37 + 0.18 
(1,4) 88 -0.02 + 0.20 13.37 + 0.25 
(2,1) 48 -0.19 + 0.25 13.99 + 0.34 
(2,2) 625 +0.16 + 0.13 13.79 + 0.09 
(2,3) 167 -0.08 + 0.17 13.64 + 0.18 
(2,4) 63 +0.11 + 0.22 13.82 + 0.30 
(3,1) 125 -0.06 + 0.19 14.27 + 0.21 
(3,2) 1131 +0.04 + 0.11 13.82 + 0.07 
(3,3) 222 +0.09 + 0.15 13.96 + 0.16 
(3,4) 126 -0.07 + 0.19 13.79 + 0.21 
(4,1) 310 -0.01 + 0.16 14.41 + 0.13 
(4,2) 1978 -0.04 + 0.10 13.83 + 0.05 
(4,3) 325 +0.01 + 0.13 13.97 + 0.13 
(4,4) 207 +0.04 + 0.17 13.99 + 0.16 
(5,1) 16 +0.16 + 0.31 14.12 + 0.59 
(5,2) 183 -0.11 + 0.17 13.30 + 0.17 
(5,3) 38 +0.01 + 0.25 13.51 + 0.38 
(5,4) 9 -0.06 + 0.32 13.43 + 0.79 
Age of dam x breed 
(1,1) 464 +0.08 + 0.08 13.81 + 0.11 
(1,2) 430 -0.08 + 0.08 13.17 + 0.11 
(2,1) 502 -0.07 + 0.08 13.98 + 0.11 
(2,2) 401 +0.07 + 0.08 13.64 + 0.12 
(3,1) 802 -0.07 + 0.07 14.13 + 0.08 
(3,2) 802 +0.07 + 0.07 13.79 + 0.08 
(4,1) 1707 -0.07 + 0.06 14.22 + 0.06 
(4,2) 1113 +0.07 + 0.06 13.88 + 0.07 
(5,1) 202 +0.13 + 0.16 13.96 + 0.17 
(5,2) 44 -0.13 + 0.16 13.22 + 0.36 
Management x season of birth 
(1,1) 463 -0.04 + 0.12 14.77 ± 0.11 
(1,2) 2632 -0.10 + 0.06 14.16 + 0.05 
(1,3) 574 -0.12 + 0.08 14.23 ± 0.10 
(1,4) 325 +0.26 + 0.10 14.60 + 0.13 
(2,1) 84 +0.04 + 0.12 13.53 ± 0.26 
(2,2) 1866 +0.10 + 0.06 13.04 ± 0.05 
(2,3) 355 +0.12 + 0.08 13.15 + 0.13 
(2,4) 168 -0.26 + 0.10 12.76 + 0.18 
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Table 15. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Management x breed 
(1,1) 2251 -0.37 + 0.03 14.11 ± 0.05 
(1,2) 1743 +0.37 0.03 14.57 + 0.06 
(2,1) 1426 +0.37 + 0.03 13.73 + 0.06 
(2,2) 1047 -0.37 + 0.03 12.51 + 0.07 
Season of birth x breed 
(1,1) 190 +0.27 + 0.09 14.66 + 0.17 
(1,2) 357 -0.27 + 0.09 13.64 + 0.13 
(2,1) 2527 -0.01 + 0.06 13.83 + 0.05 
(2,2) 1971 +0.01 + 0.06 13.37 + 0.05 
(3,1) 595 -0.21 + 0.08 13.72 + 0.10 
(3,2) 334 +0.21 + 0.08. 13.66 + 0.13 
(4,1) 365 -0.05 + 0.08 13.87 + 0.12 
(4,2) 128 +0.05 + 0.08 13.49 + 0.20 
Regression on age of calf +0.006 + 0.001 
Season of birth 
The effect of season of birth contributed less than 2.0% of the 
variation in steers and heifers and only 0.1% in bulls. The effect 
of the interaction between area and season of birth was responsible for 
no variation in bull weaning grade and 2.1% in heifers and 1.7% in 
steers. There was no variation from the interaction between age of dam 
and season of birth in bulls, steers or heifers. The interactions be­
tween season of birth and management and season of birth and breed each 
contributed less than 1.0% of the variation in bulls and heifers. In 
steers these interactions contributed 2.3% and 1.6% of the variation in 
weaning grade, respectively. 
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Table 16. Least squares estimates and standard errors for weaning 
grade of steers 
Least Least 
Number of squares squares 
Effect observations constant mean 
Overall mean (y) 3425 13.47 + 0.39 13.47 + 0.39 
Area 
Area 1 (D* 2957 +0.66 + 0.16 14.13 + 0.04 
Area 2 (2) 468 -0.66 + 0.16 12.81 + 0.09 
Age of dam 
up to 33 mo. (1) 670 -0.46 + 0.34 13.01 + 0.07 
34-45 mo (2) 621 -0.35 + 0.22 13.12 + 0.08 
4-5 yr. (3) 867 +0.05 + 0.22 13.52 + 0.07 
6-12 yr. (4) 1176 +0.10 + 0.20 13.57 + 0.06 
>12 yr. (5) 91 +0.66 + 0.54 14.13 + 0.20 
Management 
Creep fed (1) 1055 +0.40 + 0.11 13.87 + 0.06 
Non-creep fed (2) 2370 -0.40 + 0.11 13.07 + 0.04 
Season of birth 
Dec-Jan-Feb (1) 49 +0.85 + 0.41 14.32 + 0.28 
Mar-Apr-May (2) 2726 -0.67 + 0.19 12.80 + 0.04 
Jun-Jul-Aug (3) 282 -0.08 + 0.22 13.39 + 0.12 
Sep-Oct-1 Nov (4) 368 -0.10 + 0.23 13.37 + 0.10 
Breed 
Angus (1) 1229 +0.18 + 0.12 13.65 + 0.06 
Hereford (2) 2196 -0.18 + 0.12 13.29 + 0.04 
Area x age of dam 
583 -0.35 + 0.14 13.32 + 0.08 
(1,2) 542 -0.08 + 0.15 13.70 + 0.08 
(1,3) 742 -0.47 + 0.13 13.71 + 0.07 
(1,4) 1008 -0.38 + 0.13 13.85 + 0.06 
(1,5) 82 +1.28 + 0.41 16.07 + 0.21 
(2,1) 87 +0.35 + 0.14 12.70 + 0.21 
(2,2) 79 +0.08 + 0.15 12.54 + 0.22 
^Refers to the level of the factor. 
^Refers to the combination of levels of the two factors involved in 
the interaction. 
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Table 16. (Continued) 
Number of 
Effect observations 
Least 
squares 
constant 
Least 
squares 
mean 
Area x age of dam (continued) 
(2,3) 125 +0.47 + 0.13 13.33 ± 0.17 
(2,4) 168 +0.38 + 0.13 13.29 ± 0.15 
(2,5) 9 -1.28 + 0.41 12.19 ± 0.65 
Area x management 
(1,1) 903 -0.28 + 0.06 14.25 ± 0.06 
(1,2) 2054 +0.28 + 0.06 14.01 ± 0.04 
(2,1) 152 +0.28 + 0.06 13.49 ± 0.16 
(2,2) 316 -0.28 + 0.06 12.13 ± 0.11 
Area x season of birth 
(1,1) 39 +0.08 + 0.31 15.06 ± 0.31 
(1,2) 2432 +0.31 + 0.13 13.77 ± 0.04 
(1,3) 227 -0.10 + 0.16 13.95 ± 0.13 
(1,4) 259 -0.29 + 0.21 13.74 ± 0.12 
(2,1) 10 -0.08 + 0.31 13.58 ± 0.61 
(2,2) 294 -0.31 + 0.13 11.83 ± 0.11 
(2,3) 55 +0.10 + 0.16 12.83 ± 0.26 
(2,4) 109 +0.29 + 0.21 13.00 ± 0.19 
Area x breed 
(1,1) 917 +0.45 + 0.06 14.76 ± 0.06 
(1,2) 2040 -0.45 + 0.06 13.50 ± 0.04 
(2,1) 312 -0.45 + 0.06 12.54 ± 0.11 
(2,2) 156 +0.45 + 0.06 13.08 ± 0.16 
Age of dam x management 
(1,1) 238 +0.03 + 0.09 13.44 ± 0.13 
(1,2) 432 -0.03 + 0.09 12.58 ± 0.09 
(2,1) 175 -0.02 + 0.09 13.50 ± 0.15 
(2,2) 446 +0.02 + 0.09 12.74 ± 0.09 
(3,1) 306 -0.18 + 0.08 13.74 ± 0.11 
(3,2) 561 +0.18 + 0.08 12.94 ± 0.08 
(4,1) 317 +0.03 + 0.08 14.00 ± 0.11 
(4,2) 859 -0.03 + 0.08 13.14 ± 0.07 
(5,1) 19 +0.14 + 0.21 14.67 + 0.44 
(5,2) 72 -0.14 ± 0.21 13.59 ± 0.23 
Age of dam x season of birth 
(1,1) 2 -0.93 + 0.95 12.93 ± 1.37 
(1,2) 531 +0.59 + 0.35 12.93 ± 0.08 
Table 16. (Continued) 
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Least Least 
Number of squares squares 
Effect observations constant mean 
Age of dam x season of birth (continued) 
(1,3) 71 +0.31 + 0.38 13.24 + 0.23 
(1,4) 66 +0.03 + 0.38 12.94 + 0.24 
(2,1) 11 -0.51 + 0.54 13.46 + 0.58 
(2,2) 510 +0.38 + 0.24 12.83 + 0.08 
(2,3) 61 +0.23 + 0.28 13.27 + 0.25 
(2,4) 39 -0.10 + 0.42 12.92 + 0.31 
(3,1) 14 -0.87 + 0.56 13.50 + 0.52 
(3,2) 707 +0.53 + 0.23 13.38 + 0.07 
(3,3) 61 +0.35 + 0.28 13.79 + 0.25 
(3,4) 85 -0.01 + 0.27 13.41 + 0.21 
(4,1) 21 -0.78 + 0.51 13.64 + 0.42 
(4,2) 909 +0.34 + 0.22 13.24 + 0.09 
(4,3) 72 +0.23 + 0.27 13.72 + 0.23 
(4,4) 174 +0.21 + 0.32 13.68 + 0.15 
(5,1) 1 +3.09 + 1.38 18.07 + 1.94 
(5,2) 69 -1.84 + 0.28 11.62 + 0.23 
(5,3) 17 +1.12 + 0.52 15.17 + 0.47 
(5,4) 4 -0.13 + 0.69 13.90 + 0.97 
Age of dam x breed 
(1,1) 234 +0.06 + 0.09 13.25 + 0.13 
(1,2) 436 -0.06 ± 0.09 12.77 + 0.09 
(2,1) 202 -0.07 + 0.09 13.23 + 0.14 
(2,2) 419 +0.07 + 0.09 13.01 + 0.09 
(3,1) 310 +0.03 + 0.08 13.73 + 0.11 
(3,2) 557 -0.03 + 0.08 13.31 + 0.08 
(4,1) 442 -0.02 + 0.07 13.73 + 0.09 
(4,2) 734 +0.02 + 0.07 13.41 + 0.07 
(5,1) 41 +0.00 + 0.18 14.31 + 0.30 
(5,2) 50 -0.00 + 0.18 13.95 + 0.27 
Management x season of birth 
(1,1) 25 -0.22 + 0.24 14.50 + 0.39 
(1,2) 822 +0.27 + 0.10 13.47 + 0.07 
(1,3) 128 +0.29 + 0.13 14.08 + 0.17 
(1,4) 80 -0.34 + 0.13 13.43 + 0.22 
(2,1) 24 +0.22 + 0.24 14.14 + 0.40 
(2,2) 1904 -0.27 + 0.10 12.13 + 0.04 
(2,3) 154 -0.29 + 0.13 12.70 + 0.16 
(2,4) 288 +0.34 + 0.13 13.31 + 0.11 
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Table 16. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Management x breed 
(1,1) 556 -0.19 + 0.04 13.86 + 0.08 
(1,2) 499 +0.19 + 0.04 13.88 + 0.09 
(2,1) 673 +0.19 + 0.04 13.44 + 0.07 
(2,2) 1697 -0.19 + 0.04 12.70 + 0.05 
Season of birth x breed 
(1,1) 12 -0.10 + 0.28 14.40 + 0.56 
(1,2) 37 +0.10 ± 0.28 14.24 + 0.32 
(2,1) 943 -0.25 + 0.11 12.73 + 0.06 
(2,2) 1783 +0.25 + 0.11 12.87 + 0.05 
(3,1) 156 -0.19 + 0.14 13.38 + 0.16 
(3,2) 126 +0.19 + 0.14 13.40 + 0.17 
(4,1) 118 +0.54 + 0.17 14.09 + 0.18 
(4,2) 250 -0.54 + 0.17 12.65 + 0.12 
Regression on age of calf +0.010 ± 0.002 
Breed 
The contribution of the effect of breed to the variation of weaning 
grade was 1.5% in bulls and 0.5% in both steers and heifers. The inter­
action between area and breed contributed no variation in bulls and 
heifers but 11.2% in steers. The effect of age of dam by breed contrib­
uted no variation to weaning grade in bulls, steers or heifers. In 
bulls, steers and heifers the interaction between management and breed 
accounted for 7.4%, 1.9% and 5.9% of the variation in weaning grade, 
respectively. The effect of the interaction between season of birth 
and breed accounted for 1.6% of the variation in steers and less than 
1.0% in bulls and heifers. 
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Table 17. Least squares estimates and standard errors for weaning 
grade of heifers 
Effect 
Number of 
observations 
Least 
squares 
constant 
Least 
squares 
mean 
Overall mean (y) 10015 13.83 + 0.24 13.83 + 0.24 
Area 
Area 1 (1) 8727 -0.00 + 0.07 13.83 + 0.02 
Area 2 (2) 1288 +0.00 + 0.07 13.83 + 0.06 
Age of dam 
up to 33 mo. (1) 1611 -0.22 + 0.11 13.61 + 0.06 
34-45 mo. (2) 1600 -0.34 + 0.11 13.49 + 0.06 
4-5 yr. (3) 2555 +0.21 + 0.09 14.04 + 0.05 
6-12 yr. (4) 3924 +0.04 + 0.08 13.89 + 0.04 
>12 yr. (5) 325 +0.31 ± 0.28 14.14 + 0.13 
Management 
Creep fed (1) 4751 +0.63 + 0.05 14.46 + 0.03 
Non-creep fed (2) 5264 -0.63 + 0.05 13.20 + 0.03 
Season of birth 
Dec-Jan-Feb (1) 631 +0.61 + 0.16 14.44 + 0.09 
Mar-Apr-May (2) 7318 -0.37 + 0.08 13.46 + 0.03 
Jun-Jul-Aug (3) 1148 -0.16 + 0.11 13.46 + 0.07 
Sep-Oct-Nov (4) 918 -0.08 + 0.13 13.75 + 0.08 
Breed 
Angus (1) 5002 +0.16 + 0.05 13.99 + 0.03 
Hereford (2) 5013 -0.16 0.05 13.67 + 0.03 
Area x age of dam 
(1,1)* 1417 +0.12 + 0.09 13.73 + 0.06 
(1,2) 1405 +0.23 + 0.09 13.72 + 0.06 
(1,3) 2224 -0.08 + 0.07 13.96 + 0.05 
(1,4) 3401 +0.05 + 0.07 13.92 + 0.04 
(1,5) 280 -0.32 + 0.16 13.82 + 0.14 
(2,1) 194 -0.12 + 0.09 13.49 + 0.17 
(2,2) 195 -0.23 + 0.09 13.26 + 0.17 
Refers to the level of the factor. 
Refers to the combination of levels of the two factors involved in 
the interaction. 
Table 17. (Continued) 
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Effect 
Number of 
observations 
Least 
squares 
constant 
Least 
squares 
mean 
Area x age of dam (continued) 
(2,3) 331 +0.08 ± 0.07 14.12 + 0.13 
(2,4) 523 ^0.05 + 0.07 13.82 + 0.10 
(2,5) 45 +0.32 + 0.16 14.46 + 0.35 
Area x management 
(1,1) 4178 -0.28 + 0.04 14.18 + 0.04 
(1,2) 4549 +0.28 + 0.04 13.48 + 0.03 
(2,1) 573 +0.28 + 0.04 14.74 + 0.10 
(2,2) 715 -0.28 + 0.04 12.92 + 0.09 
Area x season of birth 
(1,1) 578 -0.06 + 0.13 14.38 + 0.10 
(1,2) 6521 +0.30 + 0.06 13.76 + 0.03 
(1,3) 923 -0.05 + 0.08 13.62 + 0.08 
(1,4) 705 -0.19 + 0.09 13.56 + 0.09 
(2,1) 53 +0.06 + 0.13 14.50 + 0.32 
(2,2) 797 -0.30 + 0.06 13.16 + 0.08 
(2,3) 225 +0.05 + 0.08 13.72 + 0.15 
(2,4) 213 +0.19 + 0.09 13.94 + 0.16 
Area x breed 
(1,1) 4206 +0.01 + 0.04 14.00 ± 0.04 
(1,2) 4521 -0.01 + 0.04 13.66 + 0.03 
(2,1) 796 -0.01 + 0.04 13.98 ± 0.08 
(2,2) 492 +0.01 + 0.04 13.68 ± 0.10 
Age of dam X management 
(1,1) 733 -0.03 + 0.06 14.21 ± 0.09 
(1,2) 878 +0.03 + 0.06 13.01 ± 0.08 
(2,1) 734 +0.10 + 0.06 14.22 + 0.09 
(2,2) 866 -0.10 + 0.06 12.76 ± 0.08 
(3,1) 1264 -0.08 + 0.05 14.59 ± 0.07 
(3,2) 1291 +0.08 + 0.05 13.49 + 0.06 
(4,1) 1867 +0.02 + 0.04 14.52 + 0.05 
(4,2) 2057 -0.02 + 0.04 13.22 + 0.05 
(5,1) 153 -0.01 + 0.11 14.76 + 0.19 
(5,2) 172 +0.01 + 0.11 13.52 + 0.18 
Age of dam X season of birth 
(1,1) 55 +0.06 + 0.22 14.28 + 0.31 
(1,2) 1143 -0.24 ± 0.11 13.00 + 0.07 
73 
Table 17. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Age of dam x season of birth (continued) 
(1,3) 228 +0.22 + 0.14 13.67 ± 0.15 
(1,4) 185 -0.04 + 0.16 13.49 ± 0.17 
(2,1) 71 -0.03 + 0.20 14.07 ± 0.28 
(2,2) 1197 +0.00 + 0.10 13.12 ± 0.07 
(2,3) 194 -0.18 + 0.15 13.15 ± 0.17 
(2,4) 138 +0.21 + 0.17 13.62 ± 0.20 
(3,1) 139 -0.04 + 0.17 14.61 :M).-20 
(3,2) 1896 +0.11 + 0.09 13.78 ± 0.06 
(3,3) 290 -0.16 + 0.13 13.72 ± 0.14 
(3,4) 230 +0.09 + 0.15 14.05 ± 0.15 
(4,1) 344 -0.01 + 0.14 14.47 ± 0.13 
(4,2) 2838 +0.07 + 0.08 13.57 ± 0.04 
(4,3) 393 -0.09 + 0.12 13.62 ± 0.12 
(4,4) 349 +0.03 + 0.14 13.82 ± 0.12 
(5,1) 22 +0.02 + 0.25 14.77 ± 0.50 
(5,2) 244 +0.06 + 0.15 13.83 ± 0.15 
(5,3) 43 +0.21 + 0.22 14.19 ± 0.35 
(5,4) 16 -0.29 + 0.26 13.77 ± 0.58 
Age of dam x breed 
(1,1) 792 +0.04 + 0.06 13.81 + 0.08 
(1,2) 819 -0.04 + 0.06 13.41 + 0.08 
(2,1) 693 -0.01 + 0.06 13.64 + 0.09 
(2,2) 907 +0.01 + 0.06 13.34 + 0,08 
(3,1) 1166 -0.02 + 0.05 14.18 + 0.07 
(3,2) 1389 +0.02 + 0.05 13.90 + 0.06 
(4,1) 2116 +0.05 + 0.05 14.08 + 0.05 
(4,2) 1808 -0.05 + 0.05 13.66 + 0.05 
(5,1) 235 -0.06 + 0.13 14.24 + 0.15 
(5,2) 90 +0.06 + 0.13 , 14.04 + 0.24 
Management x season of birth 
(1,1) 368 -0.15 + 0.08 14.92 + 0,12 
(1,2) 3350 +0.07 + 0.04 14.16 + 0.04 
(1,3) 658 -0.16 + 0.06 14.14 + 0.09 
(1,4) 375 +0.24 + 0.08 14.62 + 0.12 
(2,1) 263 +0.15 + 0.08 13.96 + 0.14 
(2,2) 3963 -0.07 + 0.04 12.76 + 0,04 
(2,3) 490 +0.16 + 0.06 13.20 + 0.10 
(2,4) 543 TO.24 + 0.08 12.88 + 0.10 
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Table 17. (Continued) 
Least Least 
Number of squares squares 
Effect observations constant mean 
Management x breed 
(1,1) 2790 -0.35 + 0.02 14.27 + 0.04 
(1,2) 1961 +0.35 + 0.02 14.65 + 0.05 
(2,1) 2212 +0.35 + 0.02 13.71 + 0.05 
(2,2) 3052 -0.35 + 0.02 12.69 + 0.05 
Season of birth x breed 
(1,1) 220 -0.09 + 0.08 14.51 + 0.16 
(1,2) 411 +0.09 + 0.08 14.37 + 0.11 
(2,1) 3584 +0.06 + 0.04 13.68 + 0.04 
(2,2) 3734 -0.06 i 0.04 13.24 + 0.04 
(3,1) 736 -0.22 ± 0.06 13.61 + 0.09 
(3,2) 412 +0.22 ± 0.06 13.73 + 0.11 
(4,1) 462 +0.25 ± 0.07 14.16 + 0.11 
(4,2) 456 -0.25 ± 0.07 13.34 + 0.11 
Regression on age of calf +0.008 ± 0.001 
Regression of weaning grade on age of calf at weaning 
The regression of weaning grade on age of calf at weaning accounted 
for 2.8%, 4.4% and 8.4% of the variation in the weaning grade of bulls, 
steers and heifers, respectively. 
Sex 
Since the assumption of normality of errors of weaning grade did not 
hold it was not appropriate to place confidence intervals on the least 
squares constants to test for significant sex effects and significant 
sex interaction effects. The mean weaning grade for heifers was 0.05 
points higher than for bulls and 0.36 points higher than for steers. 
Bulls averaged 0.31 points higher than steers at weaning. 
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Residual Analysis 
The results of the chi-square test of goodness-of-fit to the normal 
distribution are given in Tables 18, 19 and 20. In the analysis of 
weaning weight residuals only the chi-square value for bull calves 
approached significance. The calculated value for steers and heifers 
were both less than 50% of chi-square with 9 degrees of freedom. There­
fore, the assumption that the errors follow the normal distribution was 
not rejected. The calculated chi-square values for the weaning grade 
residuals were 57.78, 46.59 and 116.23 for bulls, steers and heifers, 
Table 18. Results of chi-square goodness-of-fit test for bulls 
Weaning Weight Weaning Grade 
Observed Expected Observed Expected 
Class Frequency Frequency Frequency Frequency 
1 2.00 0.00 0.00 0.00 
2 0.00 0.03 0.00 0.03 
3 17.00 10.11 11.00 72.29 
4 415.00 442.32 2887.00 2773.81 
5 2755.00 2785.69 3410.00 3467.59 
6 2876.00 2779.51 0.00 153.16 
7 383.00 439.32 159.00 0.12 
8 19.00 9.99 0.00 0.00 
9 0.00 0.03 0.00 0.00 
10 0.00 0.00 0.00 0.00 
Sample size 6467 6467 
Mean 0.122 0.044 
Variance 4578.6 5.493 
25.41<X^Q 9^9(9^ = 27.9 ^^*^^^^^0.999(9) " 
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Table 19. Results of chi-square goodness-of-fit test for sheers 
Weaning Weight Weaning Grade 
Observed Expected Observed Expected 
Class Frequency Frequency Frequency Frequency 
1 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 
3 3.00 2.09 22.00 9.99 
4 157.00 179.13 1386.00 1508.94 
5 1597.00 1529.39 1976.00 1883.11 
6 1485.00 1532.14 0.00 22.96 
7 167.00 180.13 41.00 0.00 
8 15.00 2.11 0.00 0.00 
9 1.00 0.00 0.00 0.00 
10 0.00 0.00 0.00 0.00 
Sample size 3425 
Mean 0.086 
Variance 3829.8 
8.13<X2 0.999(9) = 27.9 
3425 
0.140 
3.656 
46.59>X2 0.999(9) = 27.9 
respectively. These values were all highly significant (P < 0.001). 
Therefore,the assumption that the errors for weaning grade follow the 
normal distribution was rejected. An examination of the observed 
frequencies indicates why this was the case. First, there was a 
tendency for graders to use a narrow range of grades for the most 
part. Within this range of grades those at the lower end were used 
most frequently and those at the upper end less frequently. Second, 
in each sex there was a small group of calves with grades well below 
any others. 
The plots of the fitted weaning weights against the residual wean­
ing weights within each sex are presented in Figures 6, 7 and 8. Each 
Figure 6. Residual weaning weights plotted against 
fitted weaning weights for bulls 
78 
RANOOM SAMPLE OF 500 
BULLS 
+ 
++ 
:: + + # !! 
\\ 
t 
+ 
1 1 1 1 
32.00 36.00 40.00 41.00 40.00 
FITTED WEIGHTS ixioM 
52.00 
Figure 7. Residual weaning weights plotted against 
fitted weaning weights for steers 
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Figure 8. Residual weaning weights plotted against 
fitted weaning weights for heifers 
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Table 20. Results of chi-square goodness-of-fit test for heifers 
Weaning Weight Weaning Grade 
Observed Expected Observed Expected 
Class Frequency Frequency Frequency Frequency 
1 0.00 0.00 0.00 0.00 
2 1.00 0.00 0.00 0.02 
3 12.00 2.00 56,00 72.73 
4 365.00 387.00 3729.00 4022.21 
5 4650.00 4662.68 6017.00 5682.89 
6 4637.00 4592.48 0.00 237.01 
7 340.00 368.92 213.00 0.14 
8 10.00 1.84 0.00 0.00 
9 0.00 0.00 0.00 0.00 
10 0.00 0.00 0.00 0.00 
Sample size 10015 10015 
Mean -0.624 0.265 
Variance 3172.9 5.102 
X2 3.99<X2 0.999(9) ^  27.9 116.23>X2 0.999(9) " 
of these plots shows a rather normal distribution of the residuals 
about the zero residual value. There is no indication that the 
variability is not constant. Each plot forms a horizontal band of 
equal variability across the page. 
The plots of the residual weaning weights against the independent 
variables age of dam, management and season of birth within each sex 
are presented in Figures 9, 10, 11, 12, 13, 14, 15, 16 and 17. Al­
though there were some differences in distribution between levels of 
the dependent variables, particularly for management, these plots show 
the residuals to be normally distributed with nearly equal variability 
Figure 9. Residual weaning weights plotted against age 
of dam for bulls 
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Figure 10. Residual weaning weights plotted against age 
of dam for steers 
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Figure 11. Residual weaning weights plotted against age 
of dam for heifers 
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Figure 12. Residual weaning weights plotted against 
management for bulls 
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Figure 13. Residual weaning weights plotted against 
management for steers 
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Figure 14. Residual weaning weights plotted against 
management for heifers 
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Figure 15. Residual weaning weights plotted against 
season of birth for bulls 
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Figure 16. Residual weaning weights plotted against 
season of birth for steers 
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Figure 17. Residual weaning weights plotted against 
season of birth for heifers 
101 
RANDOM SAMPLE OF 500 
HEIFERS 
C) t 
+ 
+ 
+ 
n.oo 1.00 2.00 3. no 4.00 
~i— 
5. an 
SEASON OF BIRTH 
102 
about the residual value of zero. This would indicate equal variances 
between levels within age of dam, management and season of birth. 
The plots of the fitted weaning grades against the residual wean­
ing grades are presented in Figures 18, 19 and 20. Each plot shows a 
tendency for more positive than negative residuals to be associated 
with low fitted values. This situation is reversed for high fitted 
values. The discrete diagonal lines on the plots are the result of 
the observed values being integers but the fitted values being real 
numbers. There is no indication that the variance within each changes 
as one moves across the fitted values. The plots of the residuals 
against management are presented in Figures 21, 22 and 23. 
Phenotypic Correlations Between Actual 
Weaning Weight and Weaning Grade 
Weaning grade is a subjectively derived value. As such, it is 
difficult to determine why weaning grades differ under various sets of 
environmental conditions. Since all calves were not weaned at the same 
age, the size or weight of the calf at weaning may have an influence on 
its grade. The purpose of this study was to use correlation methods to 
measure the degree to which weaning grade and actual weaning weight 
were associated. The data were completely uncorrected since the grader 
would be observing each calf subjected to his particular set of environ­
ments . It should be noted that no consideration has been made of individ­
ual grader differences. These correlations would tend to reflect to what 
degree the average grader was correlating grade with weight of the calf 
at weaning and if the correlation changed as environments changed. 
Figure 18. Residual weaning grades plotted against 
fitted weaning grades for bulls 
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Figure 19. Residual weaning grades plotted against 
fitted weaning grades for steers 
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Figure 20. Residual weaning grades plotted against 
fitted weaning grades for heifers 
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Figure 21. Residual weaning grades plotted against 
management for bulls 
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Figure 22. Residual weaning grades plotted against 
management for steers 
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Figure 23. Residual weaning grades plotted against 
management for heifers 
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The simple phenotypic correlations between weaning weight and wean­
ing grade are presented in Table 21. These correlations were based on 
actual observations uncorrected in any way. The correlations were cal­
culated within each level of each subclass pooled over all other 
Table 21, Simple phenotypic correlations between actual weaning weight 
and weaning grade calculated within subclasses 
Weaning weight Weaning grade 
No. of 
pairs of 
observations Correlation Mean S.D.& Mean S.D. 
Season: 
Dec-Jan-Feb 1227 +0.331 491.6 87.4 14.46 1.26 
Mar-Apr-May 14542 +0.258 421.5 81.2 13.61 2.48 
Jun-Jul-Aug 2359 +0.225 387.1 77.4 13.59 2.70 
Sep-Oct-Nov 1779 +0.421 414.5 79.3 13.55 1.73 
Age of dam: 
Up to 33 mo. 3175 +0.356 383.7 81.9 13.30 2.48 
34-45 mo. 3124 +0.354 406.3 81.6 13.49 2.44 
4-5 yr. 5026 +0.254 427.1 79.0 13.79 2.28 
6-12 yr. 7920 +0.215 437.5 82.8 13.77 2.44 
>12 yr. 662 +0.215 437.5 82.8 13.77 2.44 
Area: 
Area 1 17392 +0.286 419.1 84.5 13.69 2.31 
Area 2 2515 +0.188 435.2 76.1 13.43 2.90 
Sex; 
Bulls 6467 +0.226 457.7 91.3 13.87 2.44 
Steers 3425 +0.345 413.5 77.7 13.25 2.10 
Heifers 10015 +0.290 400.1 71.7 13.66 2.46 
Breed: 
Angus 9908 +0.086 426.8 74.3 13.92 2.58 
Hereford 9999 +0.440 415.5 91.6 13.40 2.18 
Management : 
Creep fed 9800 +0.130 451.3 81.1 14.20 2.33 
Non-creep fed 10107 +0.289 391.9 75.2 13.13 2.35 
^Standard deviation. 
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subclasses. The largest and smallest correlations were within breed. 
Weaning weight and weaning grade were correlated 0.440 in Herefords 
and 0.086 in Angus. 
Repeatability 
The estimates of repeatability of weaning weight and weaning grade 
are presented in Tables 22, 23, 24, 25, 26 and 27. The estimates for 
weaning weight and weaning grade, calculated as intraclass correlations, 
were from data corrected to 205 days of age and corrected for the 
effects of area, age of dam, management, season of birth and all two 
way interactions between these variables. The estimates for weaning 
weight for each sex within Herefords were nearly the same, 0.414, 0.389 
and 0.390 for bulls, steers, and heifers, respectively. Within Angus 
calves the repeatability estimates for weaning weight of bulls and 
heifers, 0.370 and 0.360, respectively, were only slightly lower than 
those for Herefords. The estimate for Angus steers, 0.438, was slightly 
higher than that for Hereford steers. The repeatability estimates for 
weaning grade in Herefords were consistently higher than those for wean­
ing weight. These estimates were 0.500, 0.470 and 0.520 for bulls, 
steers and heifers, respectively. The estimates for repeatability of 
weaning grade in Angus calves revealed large differences between sexes. 
The repeatability of weaning grade in Angus bull calves was only 0.038; 
whereas, the repeatability for Angus steer calves was 0.784. The 
estimate for Angus heifers calves was 0.320. 
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Table 22. Mean squares and repeatability estimates with standard 
errors for Angus bull calves 
Mean squares 
Source of 
variation 
Degrees of 
freedom 
Weaning 
weight 
Weaning 
grade 
Between dams 
Within dams 
2406 
1270 
5075.34 
2676.94 
6.65 
6.27 
Repeatability 0.370 ± 0.024 0.038 ± 0.032 
Table 23. Mean squares and repeatability estimates with standard 
errors for Angus steer calves 
Mean squares 
Source of Degrees of Weaning Weaning 
variation freedom weight grade 
Between dams 1015 3133.62 5.97 
Within dams 213 1614.22 1.11 
Repeatability 0.438 ± 0.054 0.784 ± 0.022 
118 
Table 24. Mean squares and repeatability estimates with standard 
errors for Angus heifer calves 
Mean squares 
Source of Degrees of Weaning Weaning 
variation freedom weight grade 
Between dams 3216 3329.47 8.03 
Within dams 1785 1773.60 4.63 
Repeatability 0.361 ± 0.021 0.320 ± 0.022 
Table 25. Mean squares and repeatability estimates with standard 
errors for Hereford bull calves 
Mean squares 
Source of Degrees of Weaning Weaning 
variation freedom weight grade 
Between dams 
Within dams 
Repeatability 
1940 
849 
6361.97 
3158.34 
0.414 ± 0.028 
5.59 
2.29 
0.500 ± 0.025 
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Table 26. Mean squares and repeatability estimates with standard 
errors for Hereford steer calves 
Mean squares 
Source of Degrees of Weaning Weaning 
variation freedom weight grade 
Between dams 1634 5107.84 3.70 
Within dams 561 2754.37 1.69 
Repeatability 0.389 ± 0.036 0.470 ± 0.032 
Table 27. Mean squares and repeatability estimates with standard 
errors for Hereford heifer calves 
Mean squares 
Source of Degrees of Weaning Weaning 
variation freedom weight grade 
Between dams 3335 4459.30 5.32 
Within dams 1677 2295.73 2.02 
Repeatability 0.386 ± 0.021 0.520 ± 0.017 
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DISCUSSION 
The analyses of variance for weaning weight and weaning grade re­
vealed a large number of highly significant main effects and two factor 
interactions. This can be explained, at least in part, by the power of 
the test reflected in the large number of degrees of freedom for error. 
Effects that contributed less than 1% to the total variation in weaning 
weight and weaning grade were often highly significant. Such effects 
may be deemed significant but unimportant sources of variation. These 
small but significant differences may not cause detectable differences 
if ignored in subsequent analyses. The decision as to whether or not 
to take such small sources of variation into account is not entirely 
clear. Possibly a percentage level could be selected so that only main 
effects and interactions accounting for more variation than the arbitrary 
level would be considered. The difference between constants might also 
be used to judge whether or not a source of variation was large enough 
to be considered. However, the most important consideration should be 
the ultimate use of the data being corrected. In recommending correction 
factors for the IBIA program consideration was given to the use of the 
correction factors and to the percent of variation attributable to each 
factor. The correction factors would be used by breeders within their 
own herds. Any effects accounting for more than approximately 3% of the 
variation in weaning weight and weaning grade were considered important 
sources of variation to the breeder. In the study of repeatability all 
the least squares constants were used to correct the data to remove the 
effects of area, age of dam, management, season of birth and all two 
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way interactions between these variables. All constants were used be­
cause they were readily available. 
A consequence of significant interactions is that interpretation 
of the main effects is not straight forward. A significant two way 
interaction indicates that the effect of some level of one of the 
factors is functionally related to, or dependent upon, the level of 
the second factor present. Thus, the effects of the factors included 
in the model are not independent of each other. Therefore, any infer­
ences about these factors would be inappropriate without consideration 
of these dependencies. 
There are certain problems involved with the type of analysis where 
a large number of constants are being estimated and examined. One such 
problem is confounding. In the present analysis the data within each 
sex were pooled over years and herds. Each was assumed to be random. 
The rationale for this assumption has been explained. The problem of 
confounding year and herd effects is most likely to arise in the estima­
tion of interaction effects. Some combinations of effects may be repre­
sented by a small number of observations. Conceivably these can be from 
a limited number of herds and years. A case in point is the estimation 
of interactions between areas and other effects. In the steer data, area 
2, the intensely farmed area, was represented by only 17 herds and 408 
observations. In area 1, the less intensely farmed area, although there 
were 81 herds with steer observations, 1332 of the observations were from 
a single herd. Thus, it is quite possible for observations on less 
commonly used livestock management practices to have come from a limited 
number of herds. These herds may have deviated significantly from the 
*• ' 
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overall population mean. This can be extremely important because no 
differentiation has been made between registered herds and commercial 
herds. The goals in the two different types of operations may have 
been entirely different. 
The discussion of the effects of environmental variation on wean­
ing weight and weaning grade has been done from the breeders point of 
view. That is, what sources of variation are important enough to be 
removed from a breeder's data and how might this best be done? This 
has been done keeping in mind the problems of interactions and confound­
ing. 
Weaning Weight 
The results of the least squares analysis of weaning weight within 
each sex indicated that age of dam and management were important enough 
to be removed from data by correction. Season may also be important 
enough to be considered for correction. However, area and breed main 
effects are the same for a breeder's herd and under most circumstances 
can be ignored. In the case of important interactions it is often 
possible, and desirable to remove these by experimental design rather 
than by statistical procedures. For example, management by breed inter­
actions could be avoided by subjecting all calves in a herd to a single 
management regime. This is assuming the herd consists of a single breed. 
If this type of practice is not possible then the interaction must be 
removed by correction. 
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Age of dam 
The effect of age of dam on weaning weight is virtually impossible 
to remove by methods other than statistical correction. Thus, age of 
dam correction factors are universally used to remove this source of 
variation from weaning weight data. Of the effects considered in the 
present study age of dam was the second most important source of varia­
tion in weaning weight of bulls (8.0%) and of heifers (5.6%) and the 
third most important source of variation in steers (4.5%). Although 
age of dam interacted significantly with a number of other main effects 
within each analysis, none accounted for more than 1% of the variation 
in weaning weight. These significant interactions were more a reflec­
tion of the power of the test of significance within each analysis than 
any large environmental differences. Thus, there is little evidence 
that the age of dam interactions were of any practical importance. 
There was a nearly linear increase in weaning weight of calves of 
all three sexes as age of dam increased through the 6 to 12 years-of-
age classification (Figure 2). This was followed by a smaller decreased 
in the weight of calves from dams greater than 12 years of age. Bulls 
increased 60.2 pounds in weaning weight as age of dam increased to 6 to 
12 years. This increase was 51.1 pounds and 37.8 pounds for steers and 
heifers, respectively. The decrease in weaning weight after dams reached 
greater than 12 years-of-age was 23.9 pounds, 4.0 pounds and 5.6 pounds 
for bulls, steers and heifers, respectively. 
These estimates for bull calves agree reasonably well with those 
of Drewry (1964). His study was carried out on the Iowa State University 
Angus and Hereford herds within management (creep and non-creep) with 
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sex included in the model. Few studies have been carried out on a 
within sex basis. The estimates agree with those of Pahnish et al. 
(1958) for heifer and bull calves on desert grassland of the south­
west. However, in this study weaning weights were adjusted to 270 
days. In comparison with studies where sex had been included in the 
model these results were of the same general magnitude as those reported 
by Botkin and Whatley (1953), Brown (1958), Brown (1961), Cundiff (1966), 
Lehmann e^ (1961), Magee et (1961), Mahmud and Cobb (1963), 
Clark et al. (1958), Koger e^ (1962), Warren e_t (1965) and 
Swiger et al. (1962). However, the differences between weaning weights 
of calves from young dams and mature dams (6 to 12 years) was not as 
great as those reported by Evans et al. (1955), Hamann et al., (1963), 
and Swiger (1960). The results showed a similar increase in weaning 
weight with age of dam but did not show the rather immediate and sharp 
reduction after the dams reached peak production as reported by Koch 
and Clark (1955a), Minyard and Dinkel (1960), Burgess et al. (1954), 
and Knapp et al. (1942). In the present study only bull calves' wean­
ing weights showed a marked decline after peak production was passed. 
The size of the decline was similar to that reported by Pahnish e^ al. 
(1958), but the decrease occurred earlier in their study. The larger 
overall effect of age of dam on bulls than on steers or heifers may be 
because bulls tended to challenge their dams more. However, this 
challenge was met, or nearly so, in dams at peak production (6 to 12 
years) in terms of milk supply. 
The nature of the biases, as a result of selection, that may enter 
age correction factors, whether they are derived from the average of all 
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cows at each age (Method A), as was done in the present study, or by 
comparing records of the same cows made at two successive ages (Method 
B), have been discussed by Lush and Shrode (1950) in dairy cattle, Koch 
and Clark (1955a) and Marlowe et al. (1965) in beef cattle and in a 
general way by Henderson et (1959) . 
Koch and Clark (1955a) found Methods A and B to bias estimates of 
age of dam effects more in young cows and old cows. Correction factors 
calculated by Method A for 3 and 4 year old cows were biased upwards 
by 5 pounds and 3 pounds, respectively. Correction factors for 9 and 
10 year old dams were biased downwards by 5 pounds and 10 pounds, respec­
tively. Marlowe e^ al. (1965) calculated by both methods age of dam 
constants for preweaning average daily gain and type score. In this 
study of data from the Virginia performance testing program there were 
only small differences between the constants calculated by the two 
methods. They concluded that either little selection was made for milk­
ing ability or that the selection had been ineffective. In most cases 
where age of dam constants have been calculated these biases have been 
assumed small and ignored. It has been shown by the study of Koch and 
Clark (1955a) that this is not always the case. In the present study 
no attempt has been made to adjust the estimates of age of dam for the 
effects of selection. 
Management 
Of the factors considered in this study the effect of management 
was by far the most important source of variation in weaning weight. In 
bulls this effect accounted for 23.3% of the variation, in steers 10.9% 
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and in heifers 14.9%. There was evidence that the interaction between 
management and breed may be.an important source of variation in weaning 
weight. This effect contributed 3.2% of the variation in bulls, 4.9% 
in steers and 3.5% in heifers. The remaining interactions involving 
management probably can safely be ignored. 
Unlike age of dam effects the effect of management may be eliminated 
on a within herd basis by managing all calves alike. Management effects 
may be important in dam summaries. Although a breeder may have treated 
all calves alike within a year or several years the possibility arises 
that not all calves by the same cow or different cows were managed in 
the same way. Ignoring the management by breed interaction for the 
moment, creep-fed bull, steer and heifer calves weaned 64.2, 35.4 and 
39.2 pounds heavier, respectively, than non-creep fed calves. It should 
be kept in mind that in this study it was only known that creep feed was 
or was not available to calves. Differences in weaning weight between 
creep and non-creep fed calves depended largely upon pasture conditions, 
in terms of type and amount, and milking ability of the cow (Foster et 
al., 1946; Cundiff, 1966). The form and the composition of creep feed 
also played an important part in weaning weight differences between creep 
and non-creep fed calves (Hazen and Comfort, 1943; Nelson ^  al., 1955; 
McCroskey et a^., 1964; Smith et al., 1967). 
Within each sex the difference in weaning weight between creep fed 
and non-creep fed calves was greater for Herefords than for Angus. This 
interaction is presented graphically in Figure 3. The mean difference 
in weaning weight between creep fed and non-creep fed Angus bull, steer 
and heifer calves was 47.4 pounds, 18.8 pounds and 25.2 pounds. 
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respectively, in favor of creep fed calves. However, in Herefords these 
differences were 81.0 for bulls, 52.0 pounds for steers and 51.2 pounds 
for heifers. Probably a more revealing way to study this interaction is 
by breed differences within a management regime (Figure 24). The aver­
age difference between Hereford and Angus non-creep fed calves within 
each sex was small—less than 5 pounds in bulls and heifers and only 
10.8 pounds in steers. However, creep fed Hereford bull, steer and 
heifer calves averaged 37.8 pounds, 22.4 pounds and 27.0 pounds heavier, 
respectively, at weaning than Angus bull, steer and heifer calves. These 
results indicated that under a non-creep feeding situation breed differ­
ences in terms of weaning weight were negligible. However, when creep 
feed was available Hereford calves exhibited a greater potential for 
growth than did Angus calves. Thus, the growth of calves was, on the 
average, more restricted in Herefords than in Angus when creep feed was 
not available. This may be a reflection of the difference in milking 
ability between Hereford and Angus cows. Apparently Angus cows came 
closer to meeting the appetite of their offspring with their own milk 
than did Hereford cows. The evidence gathered from this data is a 
strong argument for having creep feed available to all Hereford calves. 
This is probably also true for Angus bull and heifer calves. However, 
the all important economic aspects have not been taken into considera­
tion and these could present a different picture. 
Season of birth 
Although the effect of season of birth was relatively small in terms 
of sources of variation in weaning weight (2.9% in steers, 1% in bulls 
Figure 24. Mean deviations of breed at each level of 
management 
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and 1% in heifers) and mean differences, it possibly should be taken 
into account, particularly in dam summaries of breeders calving in all 
seasons. In practice, however, most breeders will have a majority of 
their cows calve in one season or possibly in two adjacent seasons. In 
the latter case correction for seasonal effects may not be necessary. 
Another important consideration in handling season of birth effects is 
time of weaning. A breeder who calves in all seasons will be weaning 
in all seasons. Thus, at any particular time a breeder likely will be 
evaluating or comparing only calves weaned in a single season or 
possibly two adjacent seasons rather than over an entire year. However, 
such a practice would considerably reduce the breeder's selection inten­
sity since he would be selecting on only a fraction of his herd. To 
increase his selection intensity a breeder would have to calve in a 
single season. 
There is no strong evidence in this study of important interactions 
between season of birth and the other main effects. In bulls and heifers 
the effect of the season of birth by breed interaction (Figure 5) ac­
counted for 2.4% and 3.1% of the variation in weaning weight, respec­
tively, but may be ignored along with the other season interactions. 
The effect of season of birth was least during the spring season. 
That is, calves of each sex bom in this season deviated least from 
their respective means. Bull, steer and heifer calves born in the winter 
season deviated from their means by +13,7, +24.0 and +22.3 pounds, respec­
tively. In the summer season these deviations were -10.5 pounds for 
bulls, -16.6 pounds for steers and -8.6 pounds for heifers. Weaning 
weights of calves born in the fall season showed a slight increase over 
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those born in the summer. However, these deviations were still nega­
tive. 
These results showed the same trend as reported by Marlowe and 
Gaines (1958) and Marlowe (1962) (for average daily gain to weaning) 
and Rollins and Guilbert (1954), Brown (1961) and Cundiff (1966) for 
weaning weight. However, the magnitude of the results was not as 
large as those reported in the Oklahoma work of Cundiff (1966) but 
larger than those in the Arkansas work of Brown (1961). In both these 
studies sex was included in the model. 
The time at which a calf is born has an economic importance. 
There are at least two reasons for this. First, markets are not 
generally at the same level in all seasons. And second, as seen in 
these data, calves bom in different seasons do not wean at the same 
weight. Therefore, if high weaning weights are important then these 
data provide evidence for winter calving as opposed to summer or 
fall calving. 
Area and breed 
Since the effect of area and the effect of breed was the same 
for all calves in a single herd, this effect may be ignored by the 
breeder. An examination of the constants revealed that area and breed 
differences were relatively small. Angus bull calves averaged 21 
pounds lighter at weaning than did Hereford bull calves. This was 
the largest difference for either breed or area effects. 
132 
Sex 
The least squares analysis of the effects of the independent var­
iables on weaning weight and weaning grade was carried out on a within 
sex basis. The reasons for doing this have been explained previously. 
However, within each herd there are at least two sexes at weaning. When 
progeny information is being used to evaluate sires and dams it is 
desirable to remove the effect of sex in order to place parent compari­
sons on the same basis. 
In the present study the method of Cundiff (1966) was used to esti­
mate the importance of the effect of sex and interactions involving sex 
(Table 10). Bulls averaged 15.3 pounds heavier than steers at weaning 
but 41.2 pounds heavier than heifers. Steers averaged 25.9 pounds 
heavier than heifers. The effect of 6 to 12 year old cows on bulls 
was significantly greater than on heifers. Apparently bull calves 
challenge their dams more than heifers but only dams at peak production, 
in terms of weaning weight, can meet this challenge with their milk 
flow. However, in general the interaction between sex and age of dam was 
small and unimportant. The response of bulls to creep feeding and non-
creep feeding was significantly greater than the response of steers or 
heifers (Figure 25). The difference in effect amounted to approximately 
±13.5 pounds. Apparently bull calves have a greater growth potential 
than steers and heifers and therefore are more responsive to the presence 
and absence of supplemental feed. Cundiff (1966) reported a significant 
sex by management interaction. However, use of multiplicative correction 
for sex completely removed the dependency between sex and level of 
Figure 25. Mean deviations of management within each 
level of sex 
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management. In the present study this did not occur. The average wean­
ing weight of creep fed steers was approximately intermediate between 
the average weaning weight of bulls and the average weaning weight of 
heifers. However, the average weaning weights of non-creep fed bulls 
and steers were nearly the same but greater than the weaning weight of 
non-creep fed heifers. Therefore,when adjusting to a steer basis within 
management regimes the ratios of the means were not equal for bulls and 
for heifers between management regimes as occurred in Cundiff's (1966) 
study. This would mean that different sex correction factors would be 
needed for creep fed calves and non-creep fed calves. The only other 
report found where the weaning weight of steers did not show some degree 
of intermediacy between the weaning weight of bulls and the weaning 
weight of heifers was Brinks' (1961) study at the Miles City, Montana, 
Station. The average 180 day weaning weight of bulls from the purebred 
herd and of steers from the test herd were 408.4 pounds and 401.2 pounds, 
respectively. At weaning heifers averaged 384.3 pounds in the purebred 
herd and 380.3 pounds in the test herd. 
In the present study there were two possible sources of bias that 
may have caused the equality of non-creep fed bull and steer weights. 
First, no distinction has been made between purebred and commercial 
herds. It is possible that a number of the non-creep fed bull calves 
were from commercial herds, but castrated after weaning, and purebred 
herds with management and breeding practices not directed towards large 
calves at weaning. This combination of practices may have driven the 
average weaning weight of non-creep fed bull calves below expectation. 
Secondly, one commercial herd contributed 1332 steer calves to the 
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total. In this herd creep feeding was not practiced. This herd may 
have caused the steer average to be.greater than expectation. 
Weaning Grade 
Any interpretation of the effect of the independent variables on 
weaning grade suffers from a lack of understanding of what determines 
a weaning grade. The weaning grades given calves in this study were 
subjective values derived from abstract definitions or standards. Thus, 
it is difficult to say why a grade is a particular value and not another. 
All that can be said is how, on the average, grades change as the environ­
mental factors under study change. 
Area and breed are the same for all calves within a herd. Manage­
ment and season of birth may differ between calves within a herd. Age 
of dam certainly will not be constant between all calves within a herd 
and each herd will have at least two sexes. Therefore, the effects of 
sex, age of dam, management and season of birth are of interest to the 
breeder. 
Age of dam 
Age of dam accounted for less than 1.0% of the variation of weaning 
grade within each sex. Therefore,the effect of age of dam may be ignored 
as an important source of variation in weaning grades. 
It is interesting to compare the results of this study with those 
of other studies. The weaning grade of bull calves increased by 0.56 
points as age of dam increased through 6 to 12 years then decreased by 
0.46 points in dams greater than 12 years of age. The results for bulls 
137 
agree in trend but were of smaller magnitude than the results reported 
by Marlowe and Gaines (1958) and Lehmann e^ (1961). The results 
agreed more closely with those of Marlowe ^  (1965) and Cunningham 
and Henderson (1965a). In each of these studies, as in the present 
study, a 17 point grading system was used. The trend and magnitude of 
the constants agreed closely with those of Koch and Clark (1955a). In 
this study the scoring system involved the top 5 United States Depart­
ment of Agriculture market grades with 1.5 points between each grade. 
These results reflect the fact that in the present study the graders 
generally used only the top 6 or 7 grades. In the present study the 
results for steers and heifers showed no close agreement with reports 
in the literature. The estimates for steers showed a continual increase 
as age of dam increased from very young dams (up to 33 months) to very 
old dams (greater than 12 years). The grades of heifers fluctuated 
showing no clear trend. 
Management 
Management accounted for 11.6%, 3.5% and 9.9% of the variation in 
weaning grade of bulls, steers and heifers, respectively. The inter­
action between management and breed contributed 7.4% of the variation 
in bulls and 5.9% in heifers but only 1.9% in steers. In heifers and 
steers the area by management interaction accounted for 4.2% and 3.8% 
of the variation in weaning grade. The remaining management interactions 
within each sex may safely be ignored. Ignoring the interactions for 
the moment,the average difference between creep fed and non-creep fed 
bulls, steers and heifers was 1.32 points, 0.80 points and 1.26 points, 
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respectively, in favor of creep feeding. This is more than one-third 
of a feeder grade in bulls and heifers. The difference between creep 
fed and non-creep fed Angus was consistently less than in Herefords. 
Creep fed Angus bulls, steers and heifers graded 0.58, 0.56 and 0.42 
points greater, respectively, than non-creep fed calves. However, in 
Herefords these differences were 2.06 points in bulls, 1.18 points in 
steers and 1.96 points in heifers. In Hereford bulls and heifers these 
values represent two-thirds of a grade and one-third in steers. Apparent­
ly the effects of creep feeding and non-creep feeding were more detect­
able to graders in Herefords than in Angus. These differences are 
probably sufficiently large to take into consideration in correcting 
data. Management effects can be removed by treating all calves alike. 
However, this may not be true from year to year. Therefore, management 
would need to be considered in dam summaries. The difference between 
management regimes in area 2 were greater than in area 1 but can prob­
ably be ignored. 
Season of birth 
In bulls and heifers the effects of neither season of birth nor 
interactions involving season of birth accounted for more than 1.7% 
of the variation in weaning grade. In steers no effect involving season 
of birth contributed more than 2.3% of the variation. Therefore, the 
effect of season of birth and interactions involving season of birth 
may be considered as unimportant sourcesof variation in weaning grade. 
139 
Area and breed 
Area and breed accounted for less than 1.0% of the variation in 
bull and heifer weaning grades. This was also true for breed effects 
in steers. However, in steers the effects of area and area by breed 
accounted for 11.6% and 11.2% of the variation in weaning grade. Grade 
differences between area 1 and area 2 for Herefords were small, amount­
ing to 0.42 points. However, in Angus this difference was 2.22 points 
in favor area 1. This may be a reflection of grader differences. 
Regression of weaning grade on age of calf at weaning 
The regression of grade at weaning on age of calf at weaning was 
+0.006 in bulls, +0.008 in heifers and +0.100 in steers. These regres­
sions accounted for 2.8%, 4.4% and 8.4% of the total variation in wean­
ing grade in bulls, steers and heifers, respectively. Within the range 
of ages (205 ± 45 days) used in the present study these regressions could 
have accounted for a maximum of ±0.27 points in bull, ±0.36 points in 
steer and ±0.45 points in heifer grades in adjusting to 205 days of age. 
These values were sufficiently small that the effect of age of calf may 
be ignored in adjusting weaning grade for environmental effects. 
Brinks et al. (1962) reported an insignificant partial regression 
of weaning score on age of calf of +0.076 for bull calves weaned at 
180 days. This study involved 1029 bulls raised at the Miles City, 
Montana, station over a 20 year period. Mahmud and Cobb (1963) re­
ported a highly significant partial regression of weaning conformation 
score on weaning age. This regression was +0.007 on a 9 point scale. 
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Sex 
The difference between the mean weaning grade of bulls, steers and 
heifers was small. Heifers graded 0.05 points higher than bulls, and 
0.36 points higher than steers. Bulls averaged 0.31 points higher than 
steers. These differences did not indicate a large sex effect on wean­
ing grade. Nor was there any indication of large and important inter­
actions between sex and age of dam, management or season of birth. 
Residual Analysis 
Conventional methods of data analysis, such as least squares, are 
well developed and used widely. More recently methods for examining 
residuals have been developed (Anscombe and Tukey, 1963; Draper and 
Smith, 1966). These methods involve both numeric and graphic techniques. 
However, the graphic techniques, such as those used in the present study, 
are of more interest to the animal scientist. Such plots of residuals, 
despite the correlation structure of the residuals, allow the animal 
scientist to dissect his data to determine what trends may be present. 
Two ingredients are necessary for a clear interpretation of residual 
plots. These are a knowledge of the biology of the trait from which 
the data was derived and a understanding of the statistical theory of 
the method used to fit the model. With this information a fruitful 
interpretation of the results may be made and, if necessary, improve­
ments suggested for subsequent analyses. 
There is really no limit to the types of plots that may be used 
to examine residuals. If a researcher feels a particular type of plot 
may be informative then it should be attempted. 
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Weaning weight 
The results of the chi-square goodness-of-fit test for normality 
of the errors of weaning weight indicated this assumption was not 
violated (Tables 18, 19 and 20). Therefore,the F-tests in the analysis 
of variance for bulls, steers and heifers were appropriate. The plots 
of the fitted weaning weights against the residual weaning weights 
indicated no abnormalities in the least squares analysis within each 
sex (Figures 6, 7 and 8). In each case the points on the plots appeared 
as a horizontal band across the fitted weaning weights deviating normal­
ly about the residual value of zero. These results would indicate that 
the assumptions of the analysis of weaning weight were not violated. 
That is, the plots indicate that the errors had mean zero, a constant 
variance and followed a normal distribution. The plots of the residuals 
against the independent variables indicated that within area, age of 
dam, management, season of birth and breed there was constant variance. 
Plots for age of dam, management and season of birth are shown in Figures 
9, 10, 11, 12, 13, 14, 15, 16 and 17. 
Weaning grade 
The chi-square test of goodness-of-fit for weaning grade indicated 
that the errors did not fit the normal distribution. This would mean 
that the F-tests were not appropriate. That the errors were not normal­
ly distributed was not surprising. Although there were 17 possible 
grades, in these data graders tended to confine their grades to the top 
6 or 7 grades (10 to 17). The plots of the fitted weaning grades against 
the weaning grade residuals indicated the assumptions of the least 
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squares analysis were not met in some way (Figures 18, 19 and 20). The 
truncation in the plots is a result of the observed grades being 
integers and the fitted grades being real numbers. The fitted grades 
can take on a large but finite number of values but the observed grades 
take on a small range of integer values. Therefore, the residuals can 
take on a large but finite number of real values differing only by 
small increments. Within each sex there was a trend for positive 
residuals to be associated with low fitted grades, and negative resid­
uals to be associated with high fitted values. This would indicate a 
symmetric departure from the fitted model (Draper and Smith, 1966). The 
form of the plots do not suggest the variance to be non-constant. Such 
an abnormality would take the form of increasing or decreasing deviations 
about the zero value as one moved across the plot. This situation would 
suggest a transformation. Rather, the plots seem to suggest a symmetric 
departure from normality. This may be the result of over-fitting the 
lower and higher grades. Apparently the model fitted grades near the 
mean reasonably well. However, lower observed grades tended to be 
fitted lower than they actually were and higher observed grades tended 
to be fitted higher than they actually were. A possible explanation 
of this involves grader differences. All calves weaned at one time 
within a herd were graded by the same grader. Thus, grader effects 
would be confounded with herd effects. However, only a small number of 
graders did most of the grading. Therefore, the effect of a single 
grader would be confounded with a large number of herds. Confounding 
was also over years since the same grader often graded the same herd in 
consecutive years. It is clear then that the effects of graders may 
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not be entirely random. The model for weaning grade would be expected 
to fit weaning grades rather normally near the mean. In this region 
grader differences presumably would be small. However, in the region 
of the lower and upper grades grader differences may become large and 
important and result in the model symmetrically overfitting these grades. 
In order to test this hypothesis one would need to fit a model removing 
grader effects, herd effects and year effects. In the present analysis 
it was not possible to account for grader effects since the identity of 
the grader of each calf was not recorded. Therefore, no subsequent 
analyses of weaning grade were attempted. 
Correction Factors 
Weaning weight 
The results of the analysis of weaning weight indicated age of dam, 
management, season of birth and sex to be important sources of variation. 
The area and breed main effects are uniform within a herd. However, the 
interaction between breed and management, as well as the interaction be­
tween sex and management, were important sources of variation. Therefore, 
separate management correction factors would be necessary for Angus and 
Herefords. Also, separate sex correction factors would be necessary for 
creep fed and non-creep fed calves. 
The plots of the residual weaning weights against the independent 
variables did not refute the assumption the additive correction factors 
were appropriate for age of dam, season of birth and management. Each 
plot shows nearly equal variance of the residuals about the zero residual 
value at each level of each factor (Figures 9, 10 and 11 for age of 
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dam, 12, 13 and 14 for management and 15, 16 and 17 for season of birth). 
Bartlett's test revealed the variances for bulls, steers and heifers 
to be heterogeneous. These results are not surprising in view of the 
large number of degrees of freedom for estimating the variances. The 
variances would have had to be essentially equal to not be found 
significantly different. The coefficient of variation for each sex 
was nearly the same, 0.155 for bulls, 0.147 for steers and 0.142 for 
heifers. In view of the theory of correction factors these results 
suggest multiplicative correction factors for sex differences. The 
correction factors for age of dam, season of birth, management within 
breed and sex within management are presented in Table 28. 
Age of dam correction factors currently used by the Iowa Beef Im­
provement Association (IBIA) along with those Cundiff (1966) and the 
United States Beef Cattle Committee Report (1965) are presented in 
Table 29. Also included for comparison purposes are the age of dam 
correction factor from the present study, presented in a multiplicative 
form. 
The results for bulls in the present study agree reasonably well, 
up to dams 4 years of age, with those of IBIA, Cundiff (1966) and the 
United States Beef Cattle Committee Report (1965). In the present study 
peak production of cows was estimated to be from 6 to 12 years of age. 
This agrees with Cundiff (1966). Apparently the IBIA age correction 
factors overcorrect dams greater than 9 years of age. These results 
indicated that the longevity of peak production in Iowa beef cows is 
longer than previously estimated. The correction factors recommended 
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Table 28. Correction factors for the effects of age of dam, season of 
birth, management within Angus and within Herefords and sex 
within creep feed and non-creep feed on weaning weight 
Additive correction factors (pounds) 
Factor Bulls Steers Heifers 
Age of dam 
up to 33 mo. 
34-45 mo. 
4-5 yrs. 
6-12 yrs. 
>12 yrs. 
(1) 
(2)  
(3) 
(4) 
(5) 
Season of birth 
Dec-Jan-Feb (1) 
Mar-Apr-May (2) 
Jun-Jul-Aug (3) 
Sep-Oct-Nov (4) 
+60 
+45 
+21 
0 
+24 
Management 
Creep fed (Angus) (1) 0 
Non-creep fed (Angus (2) +47 
Creep fed (Hereford) (1) 0 
Non-creep fed (Hereford) (2) +81 
— 8 
0 
+16 
+14 
+41 
+27 
+ 9 
0 
+ 4 
0 
+19 
0 
+52 
-20 
0 
+20 
+15 
+39 
+29 
+10 
0 
+ 7 
0 
+20 
0 
+51 
-20 
0 
+11 
+ 9 
Multiplicative correction factors 
Sex 
Creep fed (1) 
Non-creep fed (2) 
0.94 
1 .00  
1.000 
1.000 
1.06 
1.07 
by the United States Beef Cattle Committee Report (1965) would over-
correct 11 and 12 year old dams and steers and heifers greater than 
12 years of age. 
Table 30 presents the multiplicative sex correction factors from 
Cundiff (1966), IBIA, the United States Beef Cattle Committee Report 
(1965) and the present study. In each case steers have been used as 
Table 29. A comparison of some age of dam correction factors currently available for weaning 
weight 
Present study 
Cundiff U.S. Beef 
Age of dam (1966) Cattle Com. IBIA Age of dam Bulls Steers Heifers 
24-27 mo. (2 yrs . )  1.17 1.15 1.17 
28-30 mo. 1.13 
31-33 mo. (3 yrs . )  1.11 1.10 1.10 <34 mo. 1.15 1.13 1.10 
34-39 mo. 1.09 
40-45 mo. 1.05 34-45 mo. 1.11 1.07 1.08 
4 yrs. 1.04 1.05 1.05 
5 yrs. 1.02 1.00 1.00 4-5 yrs. 1.05 1.02 1.02 
6 yrs. 1.00 1.00 
o
 
o
 
H
 6 yrs. 1.00 1.00 1.00 
7 yrs, 1.00 1.00 1.00 7 yrs. 1.00 1.00 1.00 
8 yrs. 1.00 1.00 1.00 8 yrs. 1.00 1.00 1.00 
9 yrs. 1.00 1.00 1.00 9 yrs. 1.00 1.00 1.00 
10 yrs. 1.00 1.00 1.05 10 yrs. 1.00 1.00 1.00 
11 yrs. 1.00 1.05 1.05 11 yrs. 1.00 1.00 1.00 
12 yrs. 1.00 1.05 1.05 12 yrs. 1.00 1.00 1.00 
13 yrs. 1.00 1.05 1.08 >12 yrs. 1.05 1.01 1.01 
14 yrs. 1.01 1.05 1.08 
15 yrs. 1.05 1.05 1.08 
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Table 30.. A comparison of some sex correction factors currently avail­
able for weaning weight 
Present study 
Cundiff U.S. Beef 
Sex (1966) Cattle Com. IBIA Creep fed Non-creep fed 
Bulls 0.89 0.95 .96 0.94 1.00 
Steers 1.00 1.00 1.00 1.00 1.00 
Heifers 1.02 1.05 1.06 1.06 1.07 
the base. The results of the present study do not agree with those of 
Cundiff (1966). There is reasonably close agreement between the 
estimates of IBIA and the United States Beef Cattle Committee Report 
and those of creep fed bulls and heifers in the present study. This 
agreement also holds for non-creep fed heifers but not for non-creep 
fed bulls. 
Weaning grade 
The results of the analysis of weaning grade indicated the only 
important source of variation was the management by breed inter­
action. Breed and management generally would be the same within a 
herd. However, management may be different between calves within a year 
or~Between years. Therefore,management effects would have to be con­
sidered in dam summaries. Additive correction factors for the effect 
of management within Herefords and Angus are presented in Table 31. 
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Table 31. Correction factors for the effect of management within 
breed on weaning grade 
Sex 
Factor Bulls and Heifers Steers 
Management 
Creep fed (Angus) (1) 0.0 0.0 
Non-creep fed (Angus) (2) +0.6 +0.4 
Creep fed (Hereford) (1) 0.0 0.0 
Non-creep fed (Hereford) (2) +2.0 +1.2 
Phenotypic Correlations Between Actual 
Weaning Weight and Weaning Grade 
The estimates of the simple phenotypic correlations between wean­
ing weight and weaning grade are presented in Table 21. These estimates 
were based on observed rather than corrected data. 
The correlations within breed showed the largest difference, 0.440 
for Herefords calves and 0.086 for Angus calves pooled over sexes. 
Apparently in grading Hereford calves more emphasis was placed on size 
differences than in grading Angus calves. The standard deviation for 
actual weaning weight of Hereford calves was 17.3 pounds greater than 
that for Angus calves. Thus, at weaning Angus calves may be more uniform 
than Hereford calves. Weight differences may then be of less importance 
in grades given Angus than grades given Herefords. Another possibility is 
that some graders may have consistently graded more Hereford than 
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Angus calves while other graders consistently graded more Angus than 
Hereford calves. 
The correlations within management regimes indicate that there 
may have been some size or weight threshold beyond which size was of 
less importance to graders. Creep fed calves averaged some 60 pounds 
heavier than non-creep fed calves at weaning. The correlation between 
weight and grade for creep fed calves was less than half that for non-
creep fed calves. Thus, within the lighter calves size may have been 
emphasized to a greater degree than in heavier calves. However, it 
should be noted that even the correlation for non-creep fed calves was 
relatively low. A similar argument may be used to explain the differ­
ences between correlations within age of da;m classifications. The 
correlation for dams up to 33 months of age and for dams 34-45 months 
of age were nearly identical (0.35). Calves from these age classifica­
tions weaned on the average more than 20 pounds lighter than those from 
the older dams. The correlations for 4 to 5 years, 6 to 12 years and 
greater than 12 years were essentially the same but lower than those 
for the younger dams. Thus, there was a slightly larger correlation 
between weaning weight and weaning grade in lighter calves than heavier 
calves. However, the correlations within seasons of birth did not re­
flect this hypothesis. In fact, the correlations for the first three 
seasons would refute this argument. 
The correlations within sex and within area subclasses were not 
greatly different. The correlation within steers (0.345) was greater 
than that within bulls (0.226) and heifers (0.290). The higher correla­
tion within steers likely reflected the different objectives of purebred 
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and commercial breeders. In purebred herds only the very poorest bull 
calves are made steers before weaning; whereas, in commercial herds 
virtually all bull calves are castrated before weaning. Thus, the 
steer calves within purebred herds would be light weight calves of 
poor conformation. Those in commercial herds would cover a larger 
spectrum of weights and conformation. 
These results generally indicate a moderate correlation between 
weaning weight and weaning grade. The only conclusion to be drawn 
from the results might be that weight differences did play an important 
part in grades given calves but were part of some sort of index the 
grader may be using consciously or subconsciously. 
Repeatability 
The estimates of the repeatability of weaning weight of Angus bulls, 
steers and heifers were 0.370, 0.438 and 0.361, respectively (Tables 22, 
23 and 24). For Herefords these estimates were 0.414 for bulls, 0.389 
for steers and 0.386 for heifers (Tables 25, 26 and 27). These estimates 
compare favorably with those reported in the literature (Table 32). Re­
peatability of weaning grade of Angus bulls, steers and heifers was 
estimated to be 0.038, 0.784 and 0.320, respectively. For Herefords 
these estimates were 0.500 for bulls, 0.470 for steers and 0.520 for 
heifers. The estimate for Angus heifers agreed with the higher estimates 
found in the literature. However, the remaining estimates for weaning 
grade did not approach those previously reported (Table 32). 
The utility of repeatability estimates arise from two character­
istics of the intraclass correlation from which they are estimated. 
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Table 32. Repeatability estimates for weaning weight and weaning grade 
reported in the literature 
Weaning Weaning 
Author and date Breed Sex weight grade 
Koger and Knox, 1947 H^ c" 0.49 
Koch, 1951 H c 0.52 
Botkin and Whatley, 1953 H C 0.43 
Rollins and Guilbert, 1954 H C 0.48 
Rollins and Wagnon, 1956a H c 0.51 
Rollins and Wagnon, 1956b H c 0.34 
Hoover et , 1956 H c 0.32 
McCormick e;t , 1956 H CM 0.38 
Taylor et , 1960 H CM 
A CM 
Minyard and Dinkel, 1960 A,H C 0.42 
Lueker eit , 1963 A,H 0.45 
Brinks eit al., 1964 H 0.37 
Drewry, 1964 H,A C 0.44 
Cunningham and Henderson, 1965b H,A C 
Minyard and Dinkel, 1965 H C 0.42 
A C 0.52 
equals Herefords, A equals Angus. 
equals sex corrected, M equals all sexes included. 
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First, the within-dam component of variance is an estimate of the differ­
ences between calves by the same dam. However, the phenotypic expres­
sion of a trait such as weaning weight or weaning grade is a combination 
of the genotype of the individual and the environment influences affect­
ing the individual. These environmental influences can be divided into 
those which affect all measurements of the same trait identically and 
those which affect each measurement in a random manner. It is assumed 
» 
that the temporary environmental influences on successive measurements 
are uncorrelated. Thus,the within dam component of variances (o^ ) is 
ET 
an estimate of these random or temporary environmental differences. 
The between dam component is a measure of the permanent differences, . 
both genetic and environmental (o^gp), between individuals for 
successive measurements of the trait. Repeatability is then an expres­
sion of the correlation between successive measurements of a single 
trait with temporary environmental differences removed and is equal to 
EP 
(Falconer, 1960) 
°^ET °^ET 
If in the numerator = 0 then this intraclass correlation be­
comes heritability in the broad sense (Lush, 1945). If in addition in 
the numerator where is the additive genetic variance, then 
the correlation becomes heritability in the narrow sense as defined by 
Lush (1945). Thus, repeatability should always be as large as herit­
ability and generally sets an upper limit to heritability. 
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Second, when a trait such as weaning weight of calves is being 
measured in cows it is of interest to know how many such measurements 
are necessary before an accurate judgment can be made on the cow's abil­
ity. As mentioned previously the within dam component is an 
estimate of temporary or random differences between successive measure­
ments on the same individual. If n successive measurements are taken 
then will decrease by a factor of — over what it would be for one 
El n 
measurement. However, temporary differences would be completely con­
founded with permanent differences. Thus, the change in the intraclass 
correlation as n increases is a useful indicator of the gain in accuracy 
from multiple measurements. 
The purpose of calculating repeatability was to determine whether 
or not repeatability was expressed differently between sexes within 
Herefords and Angus. The appropriateness of using repeatability cal­
culated from "between-dams" and "within-dams" components of variance 
may be seen by further consideration of the expectations of the vari­
ance components. The expectation of the "between-dam" component 
is 1/4 + a + (Willham, 1963) where a^. is the additive 
A M AM DM A 
genetic variance, 0^^ is the variance of the permanent genie and environ­
mental differences between dams due to their maternal ability, 
is the covariance between the dam's additive value and maternal abil­
ity for the trait and is the variance due to dominance for 
DM 
maternal effects. The expectation of the "within-dam" component is 
3/4 + o^_, where is the variance due to particular calf differ-
A E E 
ences. These expectations clearly demonstrate that the intraclass 
correlation calculated from a maternal half-sib analysis is an 
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expression of the permanent effects of a dam on the trait in ques­
tion. 
The repeatability estimates would indicate that there was no 
appreciable difference in the expression of permanent dam differences 
for weaning weight between Herefords and Angus or between bulls, 
steers and heifers within breeds. 
Maternal effect is included in the dam component of variance 
(o^g) calculated as the covariance of maternal half sibs but not in 
the sire component of variance (o^g) calculated as the covariance of 
paternal half sibs (Willham, 1963). Therefore, the sire component 
- -was calculated and the difference taken between and a^g to obtain 
an estimate of the size and direction of the component for maternal 
effect for weaning weight and weaning grade (Table 33). The estimates 
of maternal effect for Herefords were all positive and of the same 
general magnitude, +448.44 for bulls, +403.61 for steers and +387.79 
for heifers. These estimates accounted for 20%, 23% and 27% of the 
dam component of variance for bulls, steers and heifers, respectively. 
The estimates of maternal effect in Angus were also positive but varied 
more than those of Herefords. The estimates for Angus bull, steer and 
heifer calves were +32.63, +416.31 and +107.58, respectively, account­
ing for 2%, 33% and 11% of the dam component of variance. Except in 
the case of Angus bulls, the estimates indicate maternal effect was 
an important part of the dam component of variance. 
In Angus all the estimates of the maternal effect for weaning 
grade were negative. The estimate for Angus bulls was -3.57, for 
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Table 33. Estimated dam components, sire components, maternal effects 
and standard errors for weaning weight and grade 
Dam component Sire composent Maternal effect 
Breed Sex (o^g) (ME) 
Angus 
Bulls 
Steers 
Heifers 
Hereford 
Bulls 
Steers 
Heifers 
Angus 
Bulls 
Steers 
Heifers 
Hereford 
Bulls 
Steers 
Heifers 
Weaning weight 
1570.21 ± 118.21 
1256.31 ± 172.99 
1000.76 ± 65.85 
1537.58 ± 134.69 
840.00 ± 123.00 
893.18 ± 70.20 
+ 32.63 ± 186.02 
+416.31 ± 219.42 
+107.58 ± 99.64 
2229.10 ± 177.35 
1752.49 ± 162.72 
1439.91 ± 89.96 
1780.66 ± 164.61 
1348.88 ± 170.35 
1052.12 ± 85.71 
Weaning grade 
+448.44 ± 250.63 
+403.61 ± 237.63 
+387.79 ± 128.95 
0.25 ± 0.21 
4.02 ± 0.24 
2.13 ± 0.16 
3.82 ± 0.30 
4.05 ± 0.46 
4.41 ± 0.30 
-3.57 ± 0.39 
-0.03 ± 0.52 
-2.23 ± 0.35 
2.29 ± 0.15 
1.50 ± 0.12 
2.19 ± 0.15 
2.93 ± 0.23 
1.29 ± 0.15 
2.11 ± 0.10 
-0.64 ± 0.89 
+0.31 ± 0.20 
+0.08 ± 0.18 
Angus steers, -0.03 and for Angus heifers, -2.23. In Herefords the 
estimate maternal effect for bulls was -0.64. In steers and heifers 
the estimates were positive, +0.31 and +0.08, respectively. 
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SUMMARY 
The purpose of this study was to examine the effects of certain 
environmental factors on the weaning weight and weaning grade of beef 
calves and to estimate the repeatability of weaning weight and weaning 
grade. 
The data were 19,907 weaning records collected over a 12 year 
period (1956-1967) from 158 Hereford and Angus herds as part of the 
Iowa Beef Improvement Association program. Only calves between 160 
and 250 days of age at weaning were included in the study. The weaning 
weight of each calf was adjusted to 205 days of age by using its own 
average daily gain from birth to weaning and its birth weight. 
The environmental sources of variation studied included area of 
state, age of dam, management, season of birth and breed. A least 
squares analysis of these independent variables and their two-way inter­
actions was conducted within each sex (bulls, steers and heifers). A 
regression of weaning grade on age at weaning was included in the 
analysis of weaning grade. 
In the weaning weight analysis all main effects were highly sig­
nificant in bulls and heifers. However, only management and age of dam 
accounted for more than 5% of the total variation in weaning weight. 
Age of dam, management and season of birth were highly significant main 
effects in the steer analysis. Area and breed were non-significant. 
In the bull analysis the interactions between area and age of dam, area 
and management, area and season of birth, age of dam and season of birth, 
age of dam and breed, management and season of birth, management and 
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breed and season of birth and breed had highly significant effects on 
weaning weight. In the heifer analysis area interacted significantly 
with age of dam, season of birth and breed. Age of dam interacted 
significantly with management and breed and breed interacted signifi­
cantly with management and season of birth. In the steer analysis 
management interacted significantly with age of dam, breed and season 
of birth and age of dam interacted significantly with season of birth. 
The number of significant two-factor interactions can be attributed in 
part to the large number of degrees of freedom for error. None of the 
interactions accounted for more than 5% of the total variation in wean­
ing weight. 
In the weaning grade analysis age of dam was the most important 
source of variation in bulls and heifers, accounting for 11.6% and 
9.9% of the variation. In steers area and area by breed were the most 
important source of variation, accounting for 11.6% and 11.2%, respec­
tively. The interaction between management and breed accounted for 
7.4% of the variation in bulls, 5.9% in heifers but only 1.9% in steers. 
The regression of weaning grade on age of calf at weaning accounted for 
2.8% of the variation in bulls, 4.4% in steers and 8.4% in heifers. No 
other effect contributed more than 4.2% of the weaning grade variance 
of bulls, steers or heifers. 
A residual analysis was conducted to determine the appropriateness 
of the least squares analysis. The chi-square goodness-of-fit test 
revealed that the assumption of normality of the errors was not refuted 
in the case of weaning weight but was in weaning grade. Therefore, the 
F-tests in the analyses of variance for weaning grade appeared to be 
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inappropriate. Plots of the residuals against the fitted values revealed 
that the assumptions of the least squares analysis appeared not to be 
violated in the case of weaning weight but were violated in the weaning 
grade analysis. The weaning weight and weaning grade residuals were 
plotted against the independent variables to determine whether additive 
correction factors were appropriate as assumed in the analysis. This 
assumption appeared not to be refuted by these plots. 
The results of the weaning weight analysis indicated age of dam, 
management within breeds and season of birth to be important sources of 
environmental variation to consider in correcting weaning weight data. 
Additive correction factors were presented for these effects. Manage­
ment within breed was the only source of variation important enough to 
adjust for in weaning grade. Sex was not included in the models for 
weaning weight or grade. However, the effect of sex was estimated. 
Multiplicative correction factors were found to be most appropriate 
to adjust for the effect of sex on weaning weight. Sex was found not 
to be an important source of variation in weaning grade. 
The constants obtained from the analysis of weaning weight and 
weaning grade were used to correct the data for all main effects and 
two-way interactions except breed and interactions involving breed. 
A within dam and between dam analysis was conducted within bulls, steers 
and heifers within each breed. The variance components from these anal­
yses were used to estimate repeatability of weaning weight and weaning 
grade. The repeatability estimates for weaning weight were 0.370 ± 
0.024, 0.438 ± 0.054 and 0.361 ± 0.021 for Angus bull, steer and heifer 
calves, respectively. For Herefords these estimates were 0.414 ± 0.028, 
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0.389 ± 0.036 and 0.386 ± 0.021 for bulls, steers and heifers, respec­
tively. The repeatability estimates for weaning grade were 0.038 ± 
0.032, 0.784 ± 0.022 and 0.320 ± 0.022 for Angus bull, steer and 
heifer calves, respectively and 0.500 ± 0.025, 0.470 ± 0.032 and 
0.520 ± 0.017 for Hereford bull, steer and heifer calves, respectively. 
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